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FEDERATION OF AMERICAN SOCIETIES 
FOR EXPERIMENTAL BIOLOGY 

Phogram 1946 

Atlanlic City, March 11, 13, IS, 14, IS 


ATLAINTTIC CITV 



Map Numbers refer to hotels (1) Breakers, 
(2) Franklin Inn, (3) Morton, (4) Seaside, 
(4A) Holmhurst, (5) Strand, (6) Colton Manor, 
(7) Lafayette, (8, 9) Chalfonte-Haddon Hall, 
(9A) Penn-Atlantic, (10) Senator, (11) May- 
flower, (12) Flanders, (12A) Columbus, (13) 
Monticello, (14) Sterling, (15) Jefferson, (16) 
Kentucky, (164) Byron, (17) Madison, (18) 
Traymore, (19) Brighton, (20) Clandge, (21) 
Runnymede, (22) Crillon, (23) Eastbourne, 
(24) Marlborough-Blenheim, (25) Denms, (26) 
Shelburne, (27) Arlington, (28) Ritz Carlton, 
(28A) Fo\ Manor, (29) Ambassador, (30) Chelsea, 
(31) Villa D’Este, (32) President Streets are 
thirteen blocks to the mile 

GENERAL INFORMATION 

The first post-nar Federation meeting was 
planned to be held in Cleveland but when the ODT 
lifted the ban on convention travel the Local Com- 
mittee found it impossible to secure requisite 
commitments Efforts were then made to obtain 
facilities in New York, Chicago, Philadelphia, St 
Loms and Baltimore These failed Arrangements 
were finally made for the meeting in Atlantic City 
under the sponsorship of a Philadelphia Local 
Committee The Local Comnuttee regrets that the 
expense of attending the meeting must be some- 
what higher than heretofore 

The Federation will meet in Atlantic City March 
11, 12, 13, 14, 15, 1946 Scientific and business meet- 
ings will be held Tuesday, Wednesday, Thursday 
and Fridaj Monday will be devoted to Council 
and Executive Committee meetings and to regis- 
tration 

All of the essential functions mil be centrahzed 
in the Mumcipal Convention Hall This includes 
Federation headquarters, registration, section 
meetings, symposia and motion picture demon- 
strations The Headquarters will be in Room 8, 
registration in the Entrance Lobby , symposia 
in the Ball Room, and section meetings as indi- 
cated in the program By action of the Federation 
Executixe Committee the customary Federation 
joint session, banquet and static demonstrations 
will be omitted 

Regislralton mil open at 9 00 A M on Monday, 
March 11 m the Entrance Lobby ol the Convention 
Hall hlembers of anv of the constituent societies 
and interested phy sicians, students or workers in 
biological laboratones may register A registration 
fee of S2 00 will be required Admittance to the 
scientific sessions mil be restricted to those who 
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10 Harrj D Kingslcj {inlroduccd hy Ilcnnnn S 
Wigoclsky), Randolph Field 
Effects of abrupt deceleration on the electro- 
cardiogram (Lead II) in the lat in the 
supine position 

PHYSIOLOGY B 

Tuesday, 0 00 a in 
CoMMiTTr I Room 21 

Brain Metabolism 

1 Antoine Rfimond (hi/ iniutation), P W Da\lcs 

(by invitation) and D W Bronk, Uniicrstly 
of Pennsylvania 

Influence of the vascular bed on the pattern 
of o\ygon tension in tiie cerebral corte\ 

2 D W Bronk, M G LarrabeeandP W Dn\ics 

(by invitation), University of Pennsyh ama 
The rate of o\jgen consumption in localized 
regions of the nervous sjstem in pre- 
synaptic endings and in cell bodies 

3 J F Fazekas (introduced hi/ E B Astnood), 

Tufts Medical College 

Cerebral metabolism of hyperthyroid, thj roid- 
deficient and cretinous rats 

4 Shirley Ferns (by invitation) and Harold E 

Himwich, Albany Medical College 
The effect of age on the hypoglycemic deple- 
tion of glycogen in the central nervous 
system 

5 Frederic A Gibbs, Harry P Maxnell (by 

invitation) andErnaL Gibbs (by invitation), 
(with the technical assistance of Ruth E 
Hurwitz), University of Illinois 
Volume flow of blood through the brain of 
man at rest, during hyperventilation and 
vhile breathing high CO 2 

6 S S Kety (by invitation) and C F Schmidt, 

University of Pennsylvania 
Effects of alterations in the arterial tensions 
of carbon dioxide and oxygen on cerebral 
blood flov\ and cerebral oxygen consumption 
of normal young men 

7 W E Stone, J E Webster (by invitation), 

J Eopala {by invitation) and E S Gurdjian 
(by invitation), Wayne University and Grace 
Hospital 

Effects of carbon dioxide administration on 
cerebral metabolism in hypoxia 

8 Williamina A Himwich {by invitation), Ed- 

mund Homburger {by invitation), Robert 
Maresca (by invitation), and Harold E 
Himwich, Albany Medical College 
Brain metabolism in unanesthetized and 
anesthetized man 

9 Harold E Himwich, Edmund Homburger 

{by invitation), Benjamin Etsten (by invita- 
tion) , Robert Maresca (by invitation), George 


York (by imitation), and VilHamina A 
HImnich (by invitation), Albany Medical 
College 

Effect of iienfolliiil anesthfsia on ranine 
rrrebrni rorlex 

10 M r Windic and A V Jensen (hi/ inutafion), 
Northv eitern Uniicrsity 
Brain stnirlurr after intermittent exposure 
to siiiuillated high altitudes 

PHISIOLOGI C 

Tuesday, b 00 a m 
Room C 


Gastro-intestinal Tract 

1 Varren S Relim, Umiersity of Louisville 
lEidence that the major portion of thegastne 

potential originates betnecn the submucosa 
and mucosa 

2 W B Youmans and Ljnn Foltz (hj/im itadon), 

Uniicrsity of Oregon 

Correlation of electrical and mechanical 
events in the intestinal lumen of unan- 
esthctized dogs 

3 H Necheles, L Walker (hi/ imitation) and 

W'm Olson (by imitation), Michael Reese 
Hospital, Chicago 

A gradient of gastro-intestinal motility follow- 
ing hemorrhage 

4 David W Northup and Edward J Van Liere, 

IFcst Virginia University 
The effect of chloral hydrate on the gastric 
empty ing time in man 

5 F R Steggerda, R K Richards, and Justin 

Hoekstra (by invitation). University of 
Illinois and Abbott Laboratories 
Observations on the synergistic effects of 
various antispasmodic compounds and nem- 
butal on colon activity in normal adult 
males 

6 M I Grossman (by invitation) and A C 

Ivy, Northwestern University 
Prevention of ulcer in Mann-Williamson 
dogs by the oral administration of intestinal 
extracts 

7 S C Harris (by invitation) and A C IvTt 

Northwestern University 
The influence of extrinsic gastro-intestinal 
innervation on dexedrine induced anorexia 

8 Hugo Krueger, University of Tennessee 
Relationships betw'een changes in muscle 

length, tone, tension, and pressure 

9 J Kaulbersz, T L Patterson, D J Sandweiss 

and H C Saltzstein (by invitation), Wayne 
University and Harper Hospital 
Endocrine glands and gastric secretion 
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10 Franklin Hollander and Frances U Lauber 

(by invitation), Mount Sinai Hospital, 
New Vorl 

Calcium in gastric mucus 

11 Leonard D Kurtz (by invitation) and Byron 

B Clark, Albany Medical College 
The in\erse relationship of the secretion of 
hydrochloric acid to the tension of carbon 
dioxide in the stomach (Pharmacology) 

12 M H F Friedman, I J Pincus (bi/inmtaaon) 

and J Earl Thomas, /c^ersonit/fidicaJ College 
The influence on gastric secretion of fluids 
introduced into the intestine 

13 Eric Ogden and Frank D Southard, Jr (by 

invitation). Universities of Texas and of 
California 

The influence of mne on gastric acidity 

PHYSIOLOGY D 

Tuesday, 9 00 am 
Room D 


Muscle 

1 Alexander Sandow, Washington Square College 
The causation of the latency relaxation 

2 P W Davies (introduced by D W Bronk), 

University of Pennsylvania 
Rapid bursts of oxygen consumption in stimu- 
lated muscle 

3 Dugald Brown and H Claire Lawler (by in- 

vitation), New York University 
The actuation of myosm-atpase by pressure 
in the presence of calcium 

4 S W Kuffler, (introduced by Dr R W 

Gerard), University of Chicago 
The muscle membrane during contracture 

5 A J Eosman (by invitation) and S L Os- 

borne, Northiuestem University 
Frequency -intensity curves of normal, dener- 
vated and recovering gastrocnemii of the 
dog 

6 J E MarkeeandH Lowenbach (6i/iatn/a<ion), 

Duke Uniiersity 

The delimitation of separately innervated 
regions of single skeletal muscles 

7 Ernst Fischer and Virginia W Ramsey (by 

imitation), Medical College of Virginia 
Changes in muscle proteins during atrophies 
of \ arious ty pes and the retardation of some 
of these changes by electrical treatment 

8 S Spiegelman and M D Kamcn (tnfrodiiccd 

by 11 B Stcinbach), Tl''aslitni;(on Unttcrsil!/ 
School of jfedtetne 

The site of uncoupling of phosphorylation 
from carbohydrate metabolism in the 
presence of KaNj 


9 S M Horvath and D Tebbie (by invitation). 
Harvard University and Boston City Hos- 
pital 

The phosphates and other compounds in the 
gastrocnemius muscle of scorbutic guinea 
pigs 

10 Jay Tepperman and Oscar Bodansky (by 

inviiaUon), Edgewood Arsenal 
Effect of P-Aminopropiophenone induced 
methemoglobinemia on the oxygenation of 
working muscle in human subjects 

11 Clara Torda and Harold G Wolff, Cornell 

University Medical College 
Effect of serum and its fractions on acetyl- 
choline sy nthesis 

12 Saul L Cohen (introduced by Robert Gesell), 

University of Michigan 
Some relationships in the response of rectus 
abdominus muscle to acetylcholine and 
potassium 

PHYSIOLOGY A 

Tuesday, 2 00 p m 
Committee Room 20 


Circulation 

1 A T Miller 3t , University of North Carolina 
Analysis of the Normal T-1S24 Disappearance 

Curve 

2 Antomo Ramirez and Dina B Rappaport 

(introduced by Hampden Lawson), bnt- 
iicrsity of Louisville 

Determination of the circulating cell volume 
by a partial washout method 

3 David T Overbey (introduced by Hampden 

Lawson), University of Louisville 
The recruitment of blood from the spleen 
during hemorrhage 

4 Edwin L Smith (by invitation), B W Haynes 

(by invitation), dnd E I Evans, Medical 
College of Virginia 

The effect of sy mpatheclomv and tilting on 
arterial blood pressure, cardiac output and 
right atrial pressure in man 

5 David F Opdyke, ires/ern Rcscric Unnerstly 
Circulatory failure induced by partial cerebral 

ischemia 

6 W C Leiin (by invitation). Griff T Ross 

(by mutation), Raymond Echols (by invita 
lion), and Raymond Gregory, University 
of Texas 

The mechanism of the fall in arterial pressure 
produced b\ high spinal anesthesia in 
patients wath essential hypertension 

7 Paul A Nicolland R L Kebb (by imitation), 

Indiana bnircrstly and Unncrsily of 
Chicago 
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Intermittency of blood flow in pcnphcriil 
fields 

8 A. B Hertzman, W C Randall and K C. 

Jochim, St Louis University 
The quantitation of cutaneous vascular 
reactions with the photoelectric plcthjsmO' 
graph 

9 Keith S Crimson, Dule University 
Studies of the central or reflex control of the 

circulation several jears after sjnipa- 
thectomy 

10 R E Forster, II, B G Ferns, Jr , and R h 

Day (introduced by 11 C Bazett), Climatic 
Research Laboratory, Lawrence 
The relationship in the hand between total 
heat exchange and blood flow at various 
ambient temperatures 

11 Edward J Van Liere and David F Marsh 

(by invitation), IFcst Virginia UnncrsitV 
Action of certain autonomic agents on the 
blood pressure rise produced in dogs bj' 
acute oxygen lack 

7 30 p m Business meeting 

PHYSIOLOGY B 

Tuesday, 2 00 p m 
Committee Room 21 

Adrenals 

1 Elaine P Rail, New York University 

The effect of calcium pantothenate on survival 
in adrenalectomized rats 

2 Frank A Hartman and Jonathan S Thatcher 

(by invitation), Ohio State University 
A sodium retaining substance of the adrenal 
. Dwight J Ingle and Elizabeth A Oberle (by 
invitation), Upjohn Company, Kalamazoo 
The effect of adrenalectomy m rats on urinary 
non-protein nitrogen during forced-feeding 
and during fasting 

4 Lena A Lewis (by invitation) and Irvine H 

Page, Cleveland Clinic Foundation 
Method of assaying adrenal preparations for 
protective action against toxic material 
(typhoid vaccine) 

5 Sheppard M Walker (by invitation) and A S 

Gilson, Jr , Washington University 
The response of the triceps surae of the adrenal- 
ectomized and normal rat to single and 
multiple stimulation 

6 Clifford A Angerer, Ohio Stale University 
The respiration of nerves and arteries of 

adrenalectomized rats 

7 J Gonzalez Q (6y invitation) and Clifford 

A Angerer, Ohio State University 
Tbw vcwpwa.Uww wf wvytbrwcytes of adtewal' 


cctomizcd rats in the presence of vanous 
extracts 

8 M L Pabst, R L Sheppard, M H Kulzenga 

(introduced by D J Ingle), The Upjohn 
Company, Kalamazoo, Hhchigan 
Comparatiie effects of adrenal cortex hor- 
mones on hepatic gljeogcn deposition and 
muscle-work performance 

9 A I,eimdorfcr, R Arana and M Hack (intro 

duced by W S McCulloch), University of 
Illinois 

A central action of adrenalin in raising blood 
sugar 

10 Dougins E Smith (introduced by F A Hart- 

man), Ohio Slate Unncrsily 
Adrenal function following ovariectomj in 
the rat 

11 George Sn>crs and Marion A Sayers (intro- 

duced by Louis S Goodman), University 
of Utah 

Regulation of pituitary adrenocorticotropic 
actiMtx (Pharmacology) 

12 Marion A Sayers (introduced by Louis S 

Goodman), University of Utah 
A method for the assay of adrenocorticotropic 
hormone (Pharmacology) 

7 30 p m Business meeting 

PHYSIOLOGY C 

Tuesday, 2 00 p m 
Room C 

Central Nervous System 

1 Ernst Gellhorn and James F Bosma (by 

invitation), University of Minnesota 
Electromyographic observations under con- 
ditions of stimulation of the motor cortex 

2 John E Scarff and James L Pool (introduced 

by Fred A Mettler), Columbia University 
Reflex activity in the lower extremities after 
verified transection of the spinal cord m 
man 

3 Janice Robinson (by invitation) and W Horsley 

Gantt, Johns Hopkins University 
The cardiac component of the orienting reflex 

4 William F Allen, University of Oregon 
Effects of destroying three localized temporal 

lobe areas on correct conditioned differential 
responses of the dog’s fore leg from general 
cutaneous stimuli 

5 R F Becker, R A Groat and W F Windle, 

Northwestern University 
Study of learning and memory in guinea pigs 
suffering brain concussion 

6 L A Crandall, Jr andT S Hill (6j/ ray i<a Aon), 

UmiseTsaty of Towwessoe 
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Cardiovascular and respiratory responses 
to emotion in psychopathic subjects and 
controls 

7 James E P Toman, Ewart A Swinyard {by 
invitation), and Louis S Goodman, Unt 
versily of Utah 

Some properties of maximal electroshock 
seizures 

S Harry Grundfest, Columbia University 

The origin of electrical activity from spinal 
afferent stimulation of the inferior olive 
of cats 

9 R M E Carrea (introduced by Fred A 

Mettler), Columbia University 
Physiologic effects of bilateral cerebellar 
removals in the primate 

10 Fred A Mettler, Columbia University 

The experimental production of static tremor 

11 Janet Travell and Nolton H Bigelow (intro- 

duced by McKeen Cattell), Cornell Uni- 
versity Medical College 

Referred somatic pain does not follow a 
simple “Segmental” pattern 

12 H T Wjcis (by invitation) and E A Spiegel, 

Temple University Medical School 
Further studies of cortical and retinal in- 
fluences upon vestibulo-ocular reflexes 

7 30 p m Business meeting 

PHYSIOLOGY D 

Tuesday, 8 00 p m 
Rooii D 

General Physiology 

1 Thomas F Anderson (introduced by D W 

Bronk), University of Pennsylvania 
The activation of bactenal viruses by aromatic 
ammo acids 

2 Charles O Warren and Franklin G Ebaugh, Jr 

(by invitation), Cornell University Medical 
College 

Some factors influencing the anaerobic 
glycolysis of rat liver 

3 Samuel K Tipton and W L Nixon (by invita- 

tion), Medical College of Alabama 
The effect of thiouracil administration on the 
Buccinoxidase and cytochrome oxidase of 
rat liver 

4 Irvm M Korr, New York University 

The relation between tissue metabolism and 
physiological activity 

5 Kenneth C Fisher and Florence H Armstrong 

(by invitation), University of Toronto 
The oxygen consumption concerned with 
growth m E coli and the effect of sulfa- 
thiazolc and n propyl carbamate on it 


6 John MacLeod and William H Summerson 

(by invitation), Cornell University Medical 
College 

The phosphatase activity of human sperma- 
tozoa 

7 Norman M Keith and Arnold E Osterberg 

(by invitation), Mayo Clinic 
The human tolerance for potassium 

8 M H Jacobs and Dorothy R Stewart (by 

invitation), University of Pennsylvania 
Some lomc and osmotic eqmlibna of the 
erythrocyte 

9 Waller S Wilde, Dean B Cowie (by invitation) 

and Louis B Flexner, Carnegie Institution 
of Washington 

The permeability of the placenta to radio- 
active ions 

10 H J Curtis and J D Teresi (by invitation), 

Oak Ridge, Tennessee 

Activation of tissue elements by slow neutron 
exposure 

11 L V Heilbninn, University of Pennsylvania 
Heat death, heat injury and toxic factor 

12 Matilda Moldenhauer Brooks, University of 

California 

Mechamsm of fertilization of eggs 

13 C I Reed and Norman R Joseph (by invita- 

tion), University of Illinois 
In vitro examination of synovial dynamics 
with a needle electrode 

7 30 p m Business meeting 

PHYSIOLOGY A 
Wednesday, 9 00 am 
CoMsnTTEE Room 20 


Synaptic Mechanisms 

1 John C Finerty (by invitation) and Robert 

Gesell, University of Michigan 
The r61e of intra and extracellular cH in 
neurohumoral stimulation 

2 Charles R Brassfield, and Elwood T Hansen 

(by invitation). University of Michigan 
Acid effects of ammomum compounds 

3 Robert Gesell, E T Hansen (by invitation) 

and Jeane Siskel (by invitation) , University 
of Michigan 

Further obseriations on humoro electrotomc 
nature of stimulation, inhibition, summation 
and after-discharge of nerve cells 

4 Jeane Siskcl (by invitation) E T Hansen 

(by invitation) and Robert Gesell, Uni- 
versity of Michigan 
Interplay of half-centers 

5 C Heymans, R Pannier, and R Verbeke 

(introduced by Philip Bard), University 
of Gand, Belgium 
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Influence of anlicholincslcrnsc (prosliRinm), 
atropine and acetylcholine on the cardio- 
vascular and rcspiratorj centers 

6 A van Harrevcld, Cahfornw Itntitulc of 

Technology, Pasadena 

Depolorisation in the spinal cord caused by 
asphyxiation 

7 Gordon M Schoepfle, Washington Unucrsily 
Synaptic delay and central inhibition in 

relation to clcctrotonic potentials 

8 George W Sla^^ak>, Unncrsity of Western 

Ontario 

The action of adrenaline and ncct^ Icliolinc on 
partially isolated neurones of the central 
nervous sj^stem 

9 M G Larrabce and D Bronlc, bnucrstlij 

of Pennsylvania 

Afterdischarge from sjinpathctic ganbon 
cells following preganglionic nerve stimula- 
tion 

10 Birdsey Renshaw, Pool cfcller Institute for 

Medical Research and Oberhn College 
Interaction of nerve impulses in the gray 
matter as a mechanism in central inhibition 

11 Francis M Forster, Winslow J Borkovski and 

Robert H McCarter (introduced by M II F 
Friedman), Jefferson Medical College 
Depression of the cerebral cortex induced by 
applications of acetylcholine 

PHYSIOLOGY B 

Wednesday, 9 00 a in 
Committee Room 21 


Circulation 

1 Philip Dow, P F Hahn (by invitation), and 

W F Hamilton, University of Georgia 
School of Medicine and University of Roch- 
ester 

The simultaneous transport of T-1824 and 
radioactive red cells through the heart and 
lungs 

2 Isaac Starr, University of Pennsylvania 
Abnormal forms of the ballistocardiogram 

3 J L Nickerson, Columbia University 
Determinations of cardiac output in the dog 

by the ballistic method 

4 W F Hamilton and John W Remington, 

University of Georgia School of Medicine 
Comparison of the time concentration curves 
in arterial blood of dye injected at a constant 
rate ith that of dye injected intravenously 

5 John W Remington and W F Hamilton, 

University of Georgia School of Medicine 
Calculation of the arterial uptake and stroke 
volume from the pressure pulse contour 

6 Kenneth E Jochim, St Loins University 

School of Medicine 


\ inalhcmatiral analysis of pulse •volume 
determinants 

TAN Tnjlornndli J Ralston (introduced by 
Fni Ogdin), Vnnrrsity of Texas and 
College of Physicians and Surgeons, San 
I' rancisco 

1 he axial stream in the aorta of dogs and cats 

8 H D Bruner (by imitation), and C F 

Schmidt, Uniicrsiti/ of Prnn'’yliania 
Blood flow in the bronrhial artery of the 
anesthetired dog 

9 S S Sobin (introduced by I> M Landis), 

Harvard Medical School 
Accuracy of indirect determinations of blood 
pressure in the rat Relation to temperature 
of the plcthysmograph and width of cuff 

10 Eugene M Landis, Ilariard Medical School 
The elect rosinotic transport of fluid through 

the walls of injured capillaries 

11 D Colbngs, Erie Ogden and A N Taylor 
(by imitation), Unncrsity of Texas Medical 
School 

Plasma renin substrate levels during adrenal 
insuflicicncy 

PmSIOLOGI c 

\ 

W'cdncsday, 9 00 a m 
Room C 

Aviation Problems 

1 T E Boyd and John M Brookhart (by invita- 

tion), Loyola University School of Medicine 
The influence of the pericardium on effective 
venous pressure 

2 John M Brookhart (by invita(ion) and T E 

Boyd, Loyola School of Medicine 
The circulatory effects of local variations in 
intra-thoracic pressure 

3 J B Bateman, Mayo Aero Medical Unit 
Intrapulmonary mixing curves and the detec- 
tion of abnormal ventilation 

4 Johns Gray and Earl L Green (by invitation), 

Randolph Field 

The measurement of voluntary ventilation 
capacity 

5 D R Drury, J P Henry Qnj invitation), 

P O Greeley, Irene Elam (by invita- 
tion) and Ell Movitt (Joy invitation), Uni- 
versity of Southern California 
The effect of continuous and of intermittent 
pressure breathing on kidney function 

6 W V Whitehorn, (by invitation), Abraham 

Edelmann, (by invitation) and Fred A Hitch- 
cock, Ohio State Univeisity 
Cardiovascular responses to explosive decom- 
pression 
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7 Abraham Edelmann (by invitahon), W V 

Whitehorn (by invitation), and Fred A 
Hiichcock, Ohio State University 
The effects of explosive decompression on 
human subjects 

8 Fred A Hitchcock, Abraham Edelmann (by 

invitation), Frederick F Shelden (by invita- 
tion) and W V Whitehorn (by invitation), 
Ohio State University 

The volume and composition of air expelled 
from the lung during explosive decom- 
pression 

9 A P Gagge and H M Sweenev, Wnghl 

Field 

A practical criterion for evaluating the danger 
of explosive decompression 

10 W O Fenn, L E Chadwick, H Rahn, and A 

B Otis (by invitation), University of 
Rochester 

A new method of representing alveolar air 
concentration 

11 A Otis (by invitation), H Rahn, M Epstein 

(by invitation), and W O Fenn, University 
of Rochester 

Performance as related to composition of 
alveolar air 

12 H Rahn, A Otis (by invitation), and W O 

Fenn, University of Rochester 
The Pressure— Volume diagram of the thorax 
and lung 

PHYSIOLOGY D 
Wednesday, 9 00 a m 
Room D 

Thyroid and Pancreas 

1 W P VanderLaan and A Bissell (introduced 

bj/ E B Astnood), Tufts Medical School 
and Joseph H Pratt Diagnostic Hospital 
Influence of thy rotropin on iodine metabolism 
in the thyroid glands of hypophysectomized 
rats 

2 Walter Fleischmann, Johns Hopkins School of 

Medicine 

Effect of thyroxin on estrogen-induced changes 
in fowl 

3 William T Salter and Wallace F White (by 

invitation) and E A McKay (by invitation), 
Yale University 

The lymphatic conveyance of thyroid hor- 
mone 

4 S B Barker, State University of Iowa 
Absence of dimtro crcsol effect in thiouracil- 

t rented rats 

5 K E Paschkis, A Cantarow and E K Tillson 

(by invitation), Jefferson Medical College 
and Hospital 


Further studies on inhibition of cytochrome 
oxidase by thiouracil in thyroid and bone 
marrow 

6 Albert J Dalton, Harold P Morns (by invita- 

tion), Celia Dubnik (by invitation) National 
Institute of Health 

Changes in the thyroid and other organs in 
mice receiving thiouracil (Pathology) 

7 R Levine, Clarence Cohn (bj/ invitation), and 

Samuel Soskin, Michael Reese Hospital 
The influence of sugar and other metabolites 
on the respiratory exchange of eviscerated 
normal and depancreatized dogs 

8 Williamina A Himwich (by invitation) and 

Harold E Himwich, Albany Medical College 
Orgamc phosphates and insulin 

9 James A Greene, Baylor University 
Effect of additional carbohydrate intake with- 
out altered insulin dosage upon oxidation of 
dextrose by subjects with controlled dia- 
betes mellitus 

10 Piero P Foa, Jay A Smith (by invitation) and 

H Weinstein (by invitation), Chicago Medi- 
cal School 

The effect of insulin on blood cocarboxylase 

11 David F Waugh, Massachusetts Institute of 

Technology 

Reactions involved in insulin fibril formation 
PHYSIOLOGY A 
Wednesday, 3 00 p m 
Committee Room 20 

Heart 

1 Maunce B Visscher and Allan Hemingway, 

University of Minnesota 
The turbulent flow factor in cardiac work 

2 R E Sturm (by invitation) and E H Wood, 

Mayo Aero Medical Unit 
An instantaneously recording cardiotachom- 
eter 

3 A Sidney Harris, Western Reserve University 
Ventricular fibrillation and standstill in 

coronary occlusion, anoxia and hemorrhage 

4 L N Katz, W Wise (by invitation), J Meyer 

(by invitation), B Lendrum (by invitation) 
and K Jochim, Mickad Reese Hospital 
Mechamcal efficiency of the heart in experi- 
mental heart failure 

5 Jane Sands Robb, Syracuse Uniicrsity 

A study of Q-T interv al in various species 

6 George C Henny, Bert R Boone and W 

Edward Chamberlain (introduced by Morton 
J Oppenhcimcr), Temple University School 
of Medicine 

The electrokymograph an apparatus for re- 
cording motion (for example, that of the 
heart shadow border) 
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7 Bert R Boone {by invitation) , Fred G Gillick 
(Toy invitation) , Vf Edward Chamberlain {by 
invitation) and Morton J Oppenhcimcr, 
Temple University School of Medicine 
Electrokymograms of lieart border motion 
principles of record interpretation 
S Fred G Gillick {by invitation), Bert R Boone 
(by invitation), George C Hennj {by invita- 
tion) and Morton J Oppenlieimer, Temple 
University School of Medicine 
The electrokymograpli application as a photo- 
electric plctlij smograph 
9 H F Helmholz, Jr {introduced by V C 
Mann), Mayo Foundation 
Response of blood pressure and jiulse rate of 
the nei\ born rat to changes in bodj’ tem- 
perature 

10 Robert W Lackej (by invitation) and Carl A 
Bunde, Southwestern Medical College 
The relationship betneen blood ketone levels 
and the storage of glj cogen by the heart in 
acute eaperimentb 

PHYSIOLOGY B 

Wednesday, 2 00 p m 
Committee Room 21 

High Altitudes 

1 S Rodbard, Army Air Force 

The effect of oxygen, altitude, and exertion on 
breath-holding time 

2 F G Hall, Wright Field 
Respiratory efficiency at altitude 

3 Robert D Dripps (by invitation) and Julius 

H Comroe, Jr , University of Pennsylvania 
The respiratory and cirulatory response of 
normal man to 100, IS, 16, 14, 12, 10 and 
8%Oo 

4 F R Blood (by invitation) and F E D’Amour, 

University of Denver 
Physiology of the rat at high altitudes 

5 G A Millikan, University of Pennsylvania 
Speed of response of arterial oxygen saturation 

to rapid change in equivalent altitude 

6 L F Nims, L L Langley (by invitation) and 

R W Clarke, Yale Umvrrsity 
Anoxia, carbon dioxide and liver glycogen 

7 Louise H Marshall (introduced by Heinz 

Specht), National Institute of Health 
Respiratory vater loss at ground level and 
altitude 

8 J P Henry, Irene Elam, Eli Movitt and J P 

Meehan {introduced by P Greely), Univer- 
sity of Southern California 
The effects of anoxia on the capillary perme- 
ability of the human arm 

9 J C Lilly {introduced by D W Bronk), Uni- 

versity of Pennsylvania 


Studies on the mixing of gases within the 
respiratory system vith a new typenitrogon 
meter 

10 J W Wilson {by invitation), F G Hall and 

11 G Snann, Wright held 
Physiological effects of high negative mask 
pressures during simulated free fall 

11 Ludwig G I/idercr and George J Kidera (6y 

invitation), Pcnnsyhania-Ccntral and 
United Air Lines 

Ilypcrpncic tetany in commercial aircraft 
passengers 

12 D W Lund and J H I>awrencc (introduced 

6i/ Laurence Irving), University of California 
Studies on (he cause of pain in high altitude 
“bends” 

13 J Clifford Stickney, West Virginia University 
The effect of v’arious degrees of intermittent 

anoxia on body weight loss in normal rats 

PHYSIOLOGY C 

Wednesday, 2 00 p m 
Room C 

Special Senses 

1 S S Stevens, Hariard University 

The two basic mechanisms of sensory dis- 
crimination 

2 J E Hawkins, Jr , H Davis and M H Lurie 

(by inv’tation), Hariard Medical School 
Injury of the inner car produced by ex-posure 
to loud tones 

3 H Davis, C T Morgan, J E Hawkins, Jr , 

R Galambos and F W Smith (by invita- 
tion), Harvard Medical School 
Temporary' hearing-loss followang exposure to 
loud tones 

4 Theodore C Ruch and Harry D Patton {by 

invitation), Yale University 
The relation of the deep opercular cortex to 
taste 

5 Harry D Patton Qjy invitation), Theodore C 

Ruch and John F Fulton, Yale University 
The relation of the foot of the pre- and post- 
central gyrus to taste in the monkey and 
chimpanzee 

6 Herbert S Wells, University of Minnesota 
Effects of temperature gradients on the in- 
tensity, duration and thresholds of experi- 
mental traumatic pain 

7 Grace M Roth, Dan Y Burrill (by invitation), 

and A C Ivy, Northwestern University 
The effect of histarmne, adimmstered intra- 
venously in increasing concentration, on 
the pain threshold of normal subjects 

8 N Eleitman and A Ramsaroop (by invitation) 

University of Chicago 

Body temperature and cutaneous sensitivity 
to tingling and pain 
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PHYSIOLOGY D 

Wednesday, 2 00 p m 
Room D 

Endoennes 

1 James H Leathern, Rutgers Umtcrsily 

The influence of testosterone propionate on 
the plasma proteins of hypothj roid rats 

2 M M Hoffman and M L Desbarats {intro- 

duced by J S L Brornne), McGill Uni- 
versity 

Metabolism of dehydroisoandrosterone 

3 W H Perlman {by invitation) and Gregory 

Pincus, Clarl University 
The metabolism of pregnenolone 

4 Oscar Hechter {by invitation) and Gregory 

Pincus, Worcester Foundation foi Experi- 
mental Biology 

The 17-ketDsteroids in plasma, urine and 
sweat 

5 Gregory Pincus, Zareb Hadidian and Mary 

Yeaton {by invitation), Tf'^orccstcr Foundation 
for Experimental Biology 
A comparative study of androgen and 17- 
ketoateroid e\oretion in men 

6 M Marks {by invitation), H T Wycis {by 

inuifation) and E A Spiegel, Temple Uni- 
versity Medical School 
Anticonvulsant effect of pregnenolone 

7 M C Chang {introduced by G Pincus), IJ orces- 

ter Foundation for Experimental Biology 
Number of spermatozoa required for the 
fertilization of superovulated eggs in the 
rabbit 

8 CarlG Heller (byinri/ation), Edwin C Jungck 

{by invitation) Warren O Nelson, and 
Helen A Winter (by invitation), Oregon, 
Iowa, and Columbia Universities 
Gonad-pituitary relationship — metabohsm of 
pituitary gonadotrophins bj ovaries trans- 
planted into the spleen 

9 A E Rakoff (by inw/o/i£w) and J H Leathern, 

Jefferson Medical College and Rutgers Uni- 
versity 

Clinical gonadotropic therapy complicated by 
antihormone formation 

10 Herbert C Stoerk (introduced by H P Smith), 

Columbia University 

Thymic atrophy (accidental involution) and 
its failure to occur in calcium deficiency 
{Pathology) 

11 Hans Selyc and Helen Stone (by invitation). 

University of Montreal 

Effect of the diet upon the renotropic, nephro- 
sclerotic, cardiotropic and adrenotropic ac- 
tions of crude anterior pituitary prepa- 
rations 


12 Richard C deBodo and Kathryn F Prescott 
{by invitation). New York University College 
of Medicine 

The water exchange of diabetes insipidus dogs 
under varying nutritional and hydration 
conditions 

Physiology Editorial Conference 
Wednesday 7 SO p m 

CONFEHEVCE RoOM No 15 XT 
Co^VEVTrov Hai-l 

A C Ivy, Chairman 

Members interested in publication affairs are 
cordially invited to attend 

Physiological Survey Committee 
Partial Report 

Wednesday, 9 00 p m 

Committee Room 20 
Philip Bard, Chairman 

1 Objectives of the survey General summary 

Some Practical Results 
E F Adolph 

2 Population structure of physiologists in North 

America 
Phihp Dow 

3 The economics of physiologists 
T E Boyd 

4 The careers and incentives of phy Biologists 
J H Comroe, Jr 

5 Specific questions to the committee 

6 General discussion, the committee listening 

All interested are invited to attend 

PHYSIOLOGY A 
Thursday 9 00 am 
Comsiittee Room 20 


Estrogens 

1 Herbert G Birch (by invitation) and George 

Clark, Yerkes Laboratories, Florida 
The mechanism of estrogen induced changes in 
dominance-subordination relationships in 
the female chimpanzee 

2 George Clark and Herbert G Birch (by invi- 

tation), Yerkes Laboratories, Florida 
The effect of sex hormones on the dominance- 
subordination relationships of the castrate 
female chimpanzee 

3 Arthur A Hellbaum and Roy O Creep, Um 

cersity of Oklahoma 

The stimulating action of estrogen on release 
of luteinizing hormone {Pharmacology) 
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4 Szego, ClarnM and Sidnc> Robcrlfi (ni/rof/i/cff/ 

by Hudson Iloagland), Worcester Foundation 
for Experimental Biology 
The nature of circulahng estrogen 

5 Jae L Litlrcll (by invitation), John Tom (by 

invitation) and Carl G Hartman, Unncrtity 
of Illinois 

Use of the iininaturo guinea-pig for estrogen 
assay 

C Isolde T Zeck^\cr, University of Bcnnsiihantn 
The pasage of endogenous estrogen across the 
parabiotic union in rats 
7 Henrj C Hill, Jr (introduced by G S Ladic), 
Duke University School of Medicine 
The influence of dietlivlstillicstrol on the 
systolic blood pressure of normal rats 

11 00 am Business meeting 

PHYSIOLOGY B 

Thursday, 9 00 a m 
CoMMiTTLL Room 21 

Nutrition 

1 Gladjs R Bucher (introduced by R Hafkes- 

bring), iroinc/i’s Medical College 
Variations in uropepsin elimination due to 
diet 

2 J F McClendon and Wm C Foster (by inn- 

tahon), Hahnemann Medical College 
Concentric zones of distribution of fluorine in 
milk and dental canes 

2 Victor A Drill and Carroll A Pfeifler (by invi- 
tation), Yale University 
Relation of B vitamins, inanition and methio- 
nine to inactivation of estrone by liver 

4 D Bailey Calvin and Edgar J Poth (by invi- 

tation), University of Texas 
The oral administration of protein hydroly- 
sates 

5 Leon L Miller (introduced hi/ G H Whipple), 

University of Rochester 

Dog hemoglobin parenterally well utilized to 
maintain weight and nitrogen balance 
Utilization improved by dl-methionine but 
not by dl-isoleucme 

6 Smith Freeman, Tsan-wen Li (by invitation) 

and Chi Che Wang tfyy invitation) , North- 
western University 

Experimental production of uremia in dogs 
by protein depletion 

11 00 a m Business meeting 


PHYSIOLOGY C 

Thursday, 0 00 a m 
Room C 

Vision 

J A Cbapanis (tnlrodured by L A Pinson), 
11 right I tcld 

'J'hc (lari adaptation of tlic color anomalous 
2 Lrncst A Pinson and A Chnpams (by invita 
lion), Wright I leld 

Tin relation‘i!ii[i lx tween measures of night 
\ ision and dark adaiitation 
.1 Charles Shcard, Mayo Foundation and Mayo 
Clinic 

The effects of smoking on the dark adaptation 
of rods and r ones 

4 Theodore Louis John, State Uniicr’ily of loica 
Tlie kinetics of \isual processes III Dark 

Adaptation 

5 G Walsh (by imitation), H Barlow (by invi- 

tation), and H I Kohn, Massachusetts In- 
stitute of Technology and Ilariard Medical 
School 

Magnetic stimulation of the human retina 
C Alfred r Bliss (introduced hi/ H E Ilimwich), 
Albany Medical College 
Photoljtic lipids from Msual pigments 
7 Mnrj Ishimolo (hi/ incifotion) and George Wald, 
Harvard University 
Phospholipids in the visual cycle 

11 00 a m Business meeting 

PHYSIOLOGY D 
Thursday, 9 00 am 
Room D 

Exercise 

1 John Haldi and Winfrey Wynn (by invitation), 

Emory University 

Observations on work capacity, work per- 
formance, and certain metabolic processes 
w'hen strenuous exercise was taken after 
isocaloric meals of low and high carbohy- 
drate content 

2 Peter V Karpovich, Randolph Field 
Relation between breath holding and endur- 
ance in running, and the Harvard step-up 
test score 

3 Louise H Ray (by invitation), George B Ray 

(deceased) and J Raymond Johnson, Long 
Island College of Medicine 
A method for determining reduction time of 
cutaneous blood, and its significance in rela- 
tion to certain physiological changes 
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4 J Ra}inond Johnson, George B Ray (deceased) 

and Louise H Ray (by tnvitalion) , Long 
Island College of Medicine 
Reduction time of peripheral cutaneous blood 
as a means of evaluating fitness 

5 Frederic T Jung, Lillian E Cisler (bij inw- 

tahon) and Velma C Miller (bj/ invitation), 
Northwestern University and Passavant 
Memorial Hospital 

Certain influences affecting the cardiac re- 
covery indev of medical students 

6 Raymond A Weiss (by invitation) and Peter 

V Karpovich, Randolph Field 
Variability in the energy cost of standard 
exercises 

7 H S Mayerson, Tulane University 

The use of carbon dioxide in preventing post- 
exercise orthostatic circulatory insufficiency 

11 00 a m Business meeting 

PHYSIOLOGY A 
Thursday, 2 00 p in 
Committee Room 20 


Shock 

1 Samuel Gelfan, Columbia University 
Sensitivity to morphine during recovery from 

hemorrhagic shook 

2 S C Wang, Columbia University 
Additional evidence on the afferent nervous 

factor in experimental traumatic shock 
SAC Corcoran and Irvine H Page, Cleveland 
Clinic Foundation 

Crush syndrome (post traumatic anuria) 

4 Harold C Wiggers and Raymond C Ingraham, 

University of Illinois 

Continuous intravenous infusion of alkahmz 
mg agents during impending hemorrhagic 
shock conditions 

5 Carl J Wiggers, David F Opdyke and J Ray- 

mond Johnson, Western Reserve University 
Portal pressure gradients in hemorrhagic 
shock 

C Ewald E Selkurl, IFes/crn Reserve University 
Renal blood flow and renal clearance during 
hemorrhagic shock 

7 Robert W Ramsev and Terrine K Adler (by 
mutation), Unucrsily of Rochester 
Some local processes concerned in the genesis 
of traumatic shock 

S Jose Manriquc (introduced by Carl J Wiggers), 
Western Rcscrt'c Unnersity 
riectrocardiographic changes in hemorrhagic 
and ischemic compression shock 


9 Raymond C Ingraham and Harold C Wiggers, 
University of Illinois 

Treatment of impending hemorrhagic shock 
with an antihistamine agent 

10 Harold D Green, J Maxwell Little and J E 

Hawkins, Jr , Bowman Gray, School of 

Medicine 

Further observations on the toxic factor in 
ischemic compression shock 

11 William R Amberson, C Martin Rhode (by 

invitation) and Joye J Jennings (by invi- 
tation), University of Maryland 
Climcal experience with hemoglobin saline 
solutions 

12 Victor Schenker (by invitation), J A F 

Stevenson (by invitation) and J S L 

Browne, McGill University and Royal Vic- 
toria Hospital 

The characteristic pattern of changes in nitro- 
gen metabolism after trauma 

13 W A Andreae (by imitation), Victor Schenker 

(by invitation) and J S L Browne, McGill 
Unnersity Clinic and Royal Victoria 
Hospital 

Riboflavin metabolism after trauma and dur- 
ing convalescence in man 

14 R A Phillips and P B Hamilton (by inuta- 

Iton), Rockefeller Institute for Medical 
Research 

Duration of renal ischemia reqmred in dogs 
to produce damage of lethal degree 

15 G E Wakerlm (with the technical assistance of 

T Lefco and H ALnatoya), University of 
Illinois College of Medicine and Parke, 
Davis and Co 

The effect of unilateral renal artery constne- 
tion on the renin content of the contralateral 
kidney 

PHYSIOLOGY B 
Thursday, 2 00 p m 
CosiMiTTEE Room 21 

Kidney 

1 Alfred Gilman, Frederick S Philips (by invi- 

tation) and Ethol S Koelle (by imitation), 
Edgewood Arsenal 

The renal clearance of thiosulfate in the dog 

2 J P Macs and R P Forster (by invitation), 

Dartmouth Medical School 
The effects of blood pressure changes, reflexly 
induced, on glomerular activity and renal 
plasma flon in the unanesthetired rabbit 

3 R P Forster (by invitation) and J P Maes, 

Dartmouth Medical School 
Renal function in the rabbit as influenced by 
the administration of water, anesthetics and 
diuretics 
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4 J Maxwell Little, J E Hawkins, Jr and 

Harold D Green, Bowman Gray School of 
Medicine 

Diuresis resulting from intravenous infusion 
of urine 

5 B E LoA\enstein (In/iniutfition), A C Corcoran 

and InineH Page, Cleveland Clinic Foun- 
dation 

Determination of renal function in rats 

6 A V Wolf {introduced by IT W Ilimwich), 

Albany Medical College 
The retention and excretion of continuously 
administered intravenous salt solutions 
in man 

7 R F Pitts and W D Lotspcicli (tij/ ini'i/o/ion), 

Cornell University Medical College 
The renal excretion and rcabsorption of bi- 
carbonate 

8 Edwin P Hiatt and Virginia Siihric {by mu- 

tation), North Carolina School of Medicine 
Renal excretion of cinohona alkaloids and 
some quaternary base dci natives and their 
effect on renal hemodj namics 

9 W G Kubicek and F J Kottke {introduced 

bijM B Visschcr), University of Minnesota 
Glomerular filtration and renal plasma flow 
during renal and splanchnic nerve stimula- 
tion in dogs in relation to arterial hy- 
pertension 

10 Nathan W Shock, National Institute of Health 
Age changes in kidney function of human 

subjects 

11 Sigwin B Raska {introduced by Charles 0 

Warren), Cornell University Medical College 
The metabolism of the kidney in experimental 
renal hypertension 

PHYSIOLOGY C 

Thursday, £ 00 p m 
Room C 


Temperature Regulation 

1 E F Adolph and G W Nlolnar {by invitation). 

University of Rochester 
Temperature gradients in men exposed to cold 

2 G W Molnar {by invitation) and E F Adolph, 

University of Rochestei 

Heat exchanges of man in cold outdoor en- 
vironments 

3 H S Belding, H D Russell {by invitation) 

and R C Darling, Harvard University 
Factors maintaimng heat balance of the 
clothed man at different grades of activity 
in the cold 

4 H D Russell (Joy invitation), H W Belding, 

and R C Darling, Harvard University 


Plijsiologienl rrncfions of men working in the 
cold in relation to the amount of clothing 
worn 

5 Walter C Randall, Nf Louis University School 
of Medicine 

Enumeration of fiinrtional sweat glands in the 
human 

G S D Gerking (fii/ jut ito/ion) and Sid Robinson, 
Indiana Unnersity 

Decline in the rates of sweating of men work- 
ing in severe heat 

7 Sid Robinson and S D Gcrking (6j/ imitation), 
University of Indiana 

Thermal balance of men working in severe 
heat 

S John r Hall, Jr {introduced by A P Gagge), 
Wright Field 

The thermal (copper) in man — a new instru- 
ment for the sludv of radiation and convec- 
tion heat loss in man 

9 Waller B Slicllcj {by invitation) and Steven 
M Horvath, Fort Knox, Kcntuchy 
Acclimatiration of men to high temperatures 

10 John P Marbargcr {by invitation) and Craig 

L Tajlor, Witghl Field 
The cflcct of air movement on human response 
to heat and humiditv 

11 Craig L Tajlor and John P Marbargcr {by 

invitation), Wright Field 
Some effects of extreme heat and humidity 
on man 

PHISIOLOGY D 

Thursday, B 00 p ni 
Room D 

Central Nervous System 

1 Harlow W Ades and David L Raab {by invi- 

tation), Emory University 
Studies on the corpus callosum and anterior 
comnussure of monkeys 

2 John L Hampson {by invitation), Clinton R 

Harrison (Jay invitation) and Clinton N 
Woolsey, Johns Hopkins University 
Somatotopic localization in the cerebellum 

3 H T Chang {by invitation) , T C Ruch and 

A A Ward, Jr (by invitation), Yale Uni- 
versity 

Representation of muscles in the motor cortex 
of the macaque 

4 Clinton N Woolsey, Johns Hopkins University 
Comparative studies on dual somatic afferent 

areas in cerebral cortex of rabbit, cat, dog, 
pig, sheep and monkey 

5 Arthur A Siebens (by invitation) and Clinton 

N Woolsey, Johns Hopkins University 
Cortical autonomic center for the eyes on the 
mesial surface of the frontal lobe in cat 
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6 S A Talbot, C N Woolscy, J M Thompson 

(by inviiaUon), Johns Hopltns University 
Visual areas I and II of cerebral cortex of 
rabbit 

7 E A Spiegel and N P Scala (6 j/ invitation), 

Temple University Sehool of Medicine 
Influence of the superior colliculus upon the 
vestibule ocular reflex 

S Allen D Keller, Baylor University College of 
Medicine 

The striking inherent tonus of the deafferented 
central pupilloconstrictor neurons 
9 Hans Lowenbach and Ian Barbour (introduced 
byF D McCrca), Duhe University 
An automatic device for continuous frequency 
analysis of electroencephalograms 

10 M A Lennox (by invitation), T C Ruch, and 

B Guterman (by invitation), Yale University 
The effect of benzedrine and other chemical 
agents upon the post convulsive (electnc 
shock) EEG 

11 A R McIntyre, A L Dunn (6yincita/ion), and 

P E Tullar (by invitation), University of 
Nebrasl a College of Medicine 
The effect of d-tubocuranne on the electneal 
activity of dogs’ brains 

12 Chester W Darrow, Julian Pathman (by invi- 

tation), and Warren Morse (by invitation). 
Institute for Juvenile Research, Chicago 
Autonomic significance of “Blocking” and 
“Facilitation” in Electroencephalogram 

PHYSIOLOGICAL CONTRIBUTIONS TO WAR 
PROBLEMS 

H C Bazett, University of Pennsylvania, 
Chairman 

Friday, 9 00 a m 

Balu Room 

1 A C Ivy, Northwestern University 
High altitude problems in aviation 

2 E J Baldes, Mayo Aero Medical Unit 

The effects of acceleration in relation to 
aviation 

SAC Burton, University of Western Ontario 
Clothing and heat exchange 
4 K Hartlinc, University of Pcnnsyhania 
Visual problems 

SMI Gregersen, Columbia Unnersity 
Shock 

PHYSIOLOGY A 
Friday, I SO pm 
Committee Room 20 

Respiration 

1 F S Grodins, Allen Lein (by invitation), and 
Harry F Adler, Randolph Field 


Changes m the acid-base balance of the blood 
during asphyxia 

2 H Schwenma (by invitation), A C Ivy, A E 

Sidwell, Jr (by invitation), W Wolman (by 
invitation) and H Feldman (by invitation). 
Northwestern University 
A comparative study of the methods for re- 
suscitation from carbon monoxide asphyxia 

3 1 Arthur Mirsky, E Lipman (by invilalton) 

and Roy R Grinker (by invitation), Michael 
Reese Hospital 

Breath-holding time in anxietv states 

4 Edgar C Black and Virginia S Black (by in- 

vitation), Dalhousie University 
Oxygen and COj dissociation curves of the 
blood of the Atlantic salmon Salmo salar 
solar Linnaeus acclimated to mnter tem- 
peratures 

5 Morton Galdston and John A Luetscher, Jr 

(introduced by Jav Tepperman) Johns Hop- 
kins Hospital 

Oxygen and carbon dioxide tensions in arterial 
blood and alveolar air at rest and after ex- 
ercise in healthy subjects and in patients 
exposed to phosgene 

6 Vivian G Behrmann (introduced by Robert 

Gesell), Henry Ford Hospital 
Continuous blood oxygen saturation in intra- 
venous barbiturate anesthesia 

7 * Richard G Horton (introduced by Boris B 

Rubenstein), Edgewood Arsenal 
Fatal doses and respiratory minute volumes in 
rabbits intravenously injected continuously 
,mth NaCN 

SAW Hetherington and R A Miller (by invi- 
tation), Randolph Field 
The effect of intravenous mtrogen on the 
respiration and circulation of the cat 

PHYSIOLOGY B 
Friday, 1 SO pm 
Committee Room 21 

Nutrition 

1 Max Kleiber, University of California 
Survival time and metabolic rate of starving 

rats 

2 Ance! Keys, Unnersity of Minnesota 
Experimental human starvation — general and 

metabolic results of a loss of one fourth the 
body weight in six months 

3 Josef Brozek (introduced by Anccl Keys), Uni- 

versity of Minnesota 

Changes in specific gravity and body fat of 
young men under conditions of experimental 
senu-starvation 

4 Olnf Mickelsen (introduced by Ancel Keys), 

Unitersity of Minnesota 
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The unnarj’’ excretion of thmmine, pjTftmin 
(the pyrimidine-like component of (hiamine) 
and riboflavin by man in semi-starvation 

5 Ernst Simonson, University of Minnesota 
Electrocardiographic changes in semi- 

slarvation 

6 Austin Henschel, University of Minnesota 
The deterioration of lirief endurance work 

capacity during semi-starvation 

7 Henry Longstreet Ta>lor, University of 

Minnesota ' 

The effect of six months of semi-starvation on 
the maximal oxygen intake 

8 Chandler McC Brooks and David N Marine 

{hy invitation), fohns IJophns 
A study of oxygen consumption in obesity 

9 L Willard Freeman, Arthur Loewj {by invita- 

tion) and Victor Johnson, University of 
Chicago 

Phj siologic icterus of the new born 

PHYSIOLOGY C 
Friday, 1 SO p in 
Room C 

Nerve 

1 Joseph Erlanger and Gordon M Schoepfle, 

Washington University 

Studies in nerve degeneration and regen- 
eration 

2 R Beutner and T C Barnes, Hahnemann 

Medical College 

The origin of the spike potential in nerve 

3 A Rosenblueth and J Garcia Ramos (6j/ invi- 

tation), Instituto Nacional de Cardiologia 
de Mexico 

Changes of nerve properties near a killed 
region 

4 R G Grenell and H S Burr (hy invitation), 

Yale University 

D C potentials and ulnar nerve dysfunction 

5 R A Groat and H Koenig {by invitation), 

Northwestern University 
Centrifugal course of functional deterioration 
in motor nerve deprived of circulating blood 

6 D Nachmansohn, Columbia University 

On the r61e of acetylcholine during nerve 
activity 

7 Charles H Sawyer {introduced fcy J E 

Markee), Duke University 
Cholinesterases in peripheral nerve fibers 
SAM Shanes {introduced 61/ D E S Brown), 
New York University College of Dentistry 
The action of sulfanilamide on the resting po- 
tential of frog nerve 


PAPERS READ BY TITLE 
PHYSIOLOGY 

1 Shannon C Allen and A P Gaggc, Aero Medi- 

cal Laboratory, Wright Field 
The ability of anacsthetired human subjects 
to breathe against continuous pressure 

2 Evelyn Anderson, Joseph A Ixmg {by invita- 

tion) and Erna Lindner {by invitation). Uni- 
versity of California 

Studies on the iierfusion of the isolated pan- 
creas factors inducneing insulin production 

3 T C Barnes and M D Amoroso {by invi- 

tation), Hahnemann Medical College 
V method of scoring a patient’s clectroen- 
cciihalogram in deep breathing giving a 
cerebral hyperventilation index 

4 T C Barnes and R Beutner, Hahnemann 

Medical College 

Electrical activity of acetylcholine compared 
with choline, acetate, phosphate, potassium 
and other substances associated with nerve 
activity 

5 T C Barnes and I Manor {by invitation), 

Hahnemann Medical College 
Bioclectrical studies of fatigue I Recovery of 
fatigued polarized muscle by reversal of the 
poles of the galvanic current 
C T C Barnes and H Briegcr {by invitation), 
Hahnemann Medical College 
Bioelectrical studies of fatigue II Student’s 
electroencephalograms taken at S a m and 
5pm 

7 T C Barnes, H S Ruth {by invitation), and 

E K Hultzman {by invitation) , Hahnemann 
Medical College 

Electroencephalography^ of infants under 
pentothal 

8 Joseph Hall Bodine, State University of Iowa 
Uric acid formation in the developing egg of 

the grasshopper Melanoplus differentialis 

9 J M Bookhart {introduced by W F Windle), 

Northwestern University 
Mechanical factors in the production of spinal 
cord injury by gunshot wounds to the 
vertebrae 

10 Chandler McC Brooks, Johns Hopkins Uni- 

versity 

Activity and the development of obesity^ 

11 H D Bruner and W E Stephens {introduced 

by C Y Schmidt), University of Pennsyl- 
vania 

Trial of the thermistor as a means of estimat- 
ing blood flow' 

12 W E Burge, University of Illinois 

Shift from negative to positive brain potential 
in the human during general anesthesia 
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13 A Cantaro-w, A E Rakoff {by mvitalion), and 

K E Paschkis, Jefferson Medical College 
Studies of stilbestrol monomethyl ether 

14 William G Clark, I D R Gardiner (by in 

vilalton), A K McIntyre {by ininlalion), 
and Helen Jorgenson {by invitation). Uni- 
versity of Southern California 
The effect of positive acceleration on fluid loss 
from blood to tissue spaces inhuman subjects 
on the centrifuge 

15 William G Clark, I D R Gardiner {by invi- 

tation), A K McIntyre {by invitation) and 
Helen Jorgenson {by invitation). University 
of Southern California 

Effect of hyperglycemia and insulin hypogly- 
cemia on man’s tolerance to positive ac- 
celeration 

16 Savino A D’Angelo {introduced by Harry A 

Charipper), Wnghl Field and Jfashtngton 
Square College 

The respiratory evchange in human subjects 
during prolonged eifposures to moderately 
low simulated altitudes 

17 Savino A D’Angelo {introduced by Harry A 

Charipper), Wnght Field and Washington 
Square College 

Urine volume and phosphorus excretion in 
human subjects during prolonged exposure 
to moderately Ion simulated altitudes 

18 Chester W Darrow, Julian Pathman {by in- 

vitation) and Warren Morse {by invitation), 
Institute for Juvenile Research, Chicago 
Autonomic and electroencephalographic ef- 
fects of posture 

19 John Emerson Davis, University Arkansas 
Hyperchronuc anemia produced in dogs by 

cholino and carbamj 1 choline 

20 Richard C deBodo and David Marine, New 

Yorf University and Montefiore Hospital 
The change in the water metabolism and in 
the endocrine glands of long surviving di- 
abetes insipidus dogs 

21 E C del Pozo, Instituto Politecnico Nacional, 

Mexico 

Inhibitory responses of pregnant cat’s uterus 
to epinephnn and hypogastric stimulation 

22 Joseph C Franklin, Harold Guetzkow and 

Josef Brozck (introduced by Ancel Keys), 
University of Minnesota 
Changes in postural steadiness and pulse rate 
after short vigorous exertion 

23 M H F Friedman and Rm J Snape {by 

invitation) Jefferson Medical College 
Color changes in the mucosa of the colon in 
children is affected bv food and psvclnc 
stimuli 

24 E Gollhorn and H M Ballin (6;/ mutation), 

Unitcrsily of Minnesota 
Water intoxication and the elect roenccphalo 
gram 


25 Maunis Godbey {by invitation), Norma M 

Hajek {by invitation) and H M Hines 
State University of Iowa 
Changes in muscle and nerve dunng prolonged 
reflex bypertonus and contracture 

26 Albert S Gordon, New York University 
Antihormone reactions to blood, urinary and 

pituitary gonadotrophins 

27 Alberts Gordon, untfttAe assistance o/ Bernard 

Bernstein {by invitation). New York Uni- 
versity 

The adrenal gland and phagocytosis in the 
spleen 

28 A Graybiel, D I Hupp and J L Patterson, Jr 

{introduced by J L Lilienthal, Jr ), U S 
Naval Air Station, Pensacola, Florida 
The law of the otolith organs 

29 Paul O Greeley, Helen Jorgenson (6y invita- 

tion), William G Clark, D R Drury, and 
J P Henry {by invitation). University of 
Southern California 

Effect of anoxia on man’s tolerance to positive 
acceleration 

30 Harold Guetzkow {by invitation), Austin 

Henschel and Josef Brozek {by invitation), 
University of Minnesota 
Relationship of “psychoneurotic” changes to 
carbohydrate utilization in men on experi- 
mentally varied intake of B complex 
vitamins 

31 E S Gurdjian (6j/ inntation) and W E Stone, 

Tl'ajmc University College of Medicine and 
Grace Hospital 

Cerebral lactic acid and phosphates in con- 
cussion 

32 C C Guthrie, University of Pittsburgh 
Cause and prevention of a type of leg de- 
formity in brooder raised chicks 

33 George Hallenbeck {by invitation), JackGlazier 

{by invitation) and George Maison, Wright 
Field 

Radar measurement of rates of free fall of 
anthropomorphic dummies and man 

34 J E Hankins, Jr , Harold D Green, and J 

Marwell Little, Bowman Gray School of 
Medicine 

Hypotensive reactions to cross transfusion in 
dogs 

35 Austin Henschel and Angie Mae Sturgeon {by 

invitation) , Uniiersity of Minnesota 
The effect of semi starvation on the emptving 
of the human stomach 

36 Austin Henschel, Hcnn Longstreet Taylor 

and Ancel Keys, Unncrsity of Minnesota 
The recoverv of capacitv for phvsical per- 
formance following experimental malaria 
in man 

37 C Heymans, R Pannier and A 3 an Ostende 

(introduced by Philip Bard), Unncrsity of 
Gand, Belgium 
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Influence of overventilntion on the cnrclio- 
vascular reflexes of earotid sinus origin 

38 Hudson Hoagland, Grcgorj Pincus, Fred 

Elmadjian {by invilaUon), Worcester Foun- 
dation for Experimental Biology 
Stressful psychomolor performance and 
adrenal cortical function m man 

39 Justin Hockstra {by invitation) and P R 

Steggerda, University of Illinois 
The effects of the antihistamine compou_^ 
pjnbenzaminc on colonic activit} in un- 
anesthetizcd dogs 

40 C S Houston {introduced by J L Lilicnthal, 

Jr ), US Naval Air Station, Pensacola, 
Florida 

Relation of pulmonary ventilation to arterial 
oxygen saturation 

41 Theodore Louis Jahn, (State University of Iowa 
The kinetics of visual processes I Critical 

flacker frequency as a function of intensity 

42 Theodore Louis Jahn, State University of Iowa 
The kinetics of visual processes II Brightness 

discrimination and visual acuity as functions 
of intensity 

43 A V Jensen (by tnuitation), R F Becker and 

W F Windle, Northwestern University 
Effect of intermittent exposure to a simulated 
altitude of 30,000 feet on memory in guinea 
pigs 

44 Geoffrey Keighley (by invitation) and William 

G Clark, California Institute of Technology 
and University of Southern California 
Flicker fusion frequency thresholds during 
positive acceleration 

45 R Krouse {by invitation) , G C Wicknire (by 

invitation) and W E Burge, University of 
Illinois 

Warm-up period in physical exercise in relation 
to brain potential 

46 C D Leake, University of Texas 
Physiological Standards 

47 Tsan-wen Li (by invitation) and Smith Free- 

man, Northwestern University 
The effect of inhaled methyl disulphide on 
liver fat of rats 

68 Tsan-wen Li (by invitation) and Smith Free- 
man, Northwestern University 
The effect of inhaled methyl disulphide on 
benzene poisomng in dogs 

49 J L Lilienthal, Jr , and R L Riley (by invita- 

tion), U S Naval Air Station, Pensacola, 
Florida 

The relationship of alveolar and arterial oxygen 
tension 

50 P L MacLachlan {introduced by Dr E J 

VaiiLiere), West Virginia University 
Effect of anoxic anoxia on stomach emptying 
time of rats fed corn oil 


51 J F McClendon, Hahnemann Medical College 
A slide rule for pll of indicntorsand buffers and 

for bicnrlxmalc equilibria 

52 Daiid I Macht, Stnai Hospital, Baltimore 
Comparison of opiates, dcmerol, and cobra 

\enom on cats’ pupils 

53 Daiidl Mneht, Sinai Hospital, Baltimore 
Plnrmacodj namic reactions of previously ir- 
radiated organisms 

51 David I Mnchl, Sinai Hospital, Baltimore 
Thromboplastic properties of mercurial di- 
uretics 

55 David I Macht, Sinai Hospital, Baltimore 
Influence of snake venoms on prothrombin 

time of normal and hemophiliac blood 

56 David I Macht, and Marcus Ostro (by invita- 

tion), Sinai Hospital, Baltimore 
Experimental detoxification of pemphigus 
blood 

57 W G Moss {introduced by G E Wakerhn), 

University of Illinois 
Vitamin A levcls'of dog plasma 

58 W G Moss (by invitation) and G E Waker- 

lin, Unncrsity of Illinois 
Vitamin K and experimental renal hyperten- 
sion 

59 N Nelson (by invitation), L W Eichna (by 

invitation), W B Shelley (by invitation), 
and S M Horvath, Fort Knox, Kcntucly 
The effect of air movement on the loss of heat 
by evaporation, convection, and radiation 
from nude and clothed indmduals 

60 E Pardo (by invitation), J Derbez (by in- 

vitation) and E C del Pozo, Univcrsidad 
Nacional dc Mexico 

Cihuapahtli, an activator of uterine motility 

61 T L Peele (by invitation), R A Groat and 

W F Windle, Dulc University Medical 
School 

Reactions of the spinal cord to laminectomy 

62 R F Pitts and W D Lotspeich {by invitation), 

Cornell University Medical College 
Factors determimng pH and titratable acid of 
the urine 

63 C I Reed and B P Reed (by invitation). 

University of Illinois 
X-ray studies on bone 

64 R Rhines (by invitation), H W Magoun and 

W F Wvxdlo, Northwestern University Medi- 
cal School 

The bulbar inhibitory mechanism in concus- 
sion 

65 R L Riley (by invitation) and J L Lilienthal, 

M , U S Naval Air Station, Pensacola, 
Florida 

The indirect determination of piartial pressures 
in alveolar air 
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66 S Rodbard, ihchacl Reese Hospital 
Factors affecting bubble volume in tbe tissues 

at vanous altitudes 

67 L W Roth (6i/tnyi<a<ion),R K Richards and 

F R Steggerda, Ahhotl Lahoratones 
Inhibition of the emetic effect of intravenous 
glutamic acid in dogs 

68 Ernest C Siegfried {by invitation) and John 

W Bean, University of Michigan 
Degenerative changes induced in the CNS of 
albino rats bj exposure to 0 at high pressure 

69 Ernst Simonson and Josef Brozek {by inmta 

lion), University of Minnesota 
Maximum speed of movement as a test of mus- 
cle function in different nutritional states 

70 Franklin F Snyder, Harvard University 
The effect of pentobarbital sodium upon the 

resistance to asphyxia in the newborn 

71 E Spiegel and M Spiegel-Adolph {by ininta- 

tion). Temple Unnersity School of Medicine 
Loss of righting reflexes in experimental cere- 
bral concussion 

72 S Spiegelman {introduced by H B Stem- 

bach), Washington Unnersity, School of 
Medicine 

The inhibition of enzjTne formation 

73 S Spiegelman, M D Kamen, and Reba Dunn 

{introduced by H B Stembach), Washing- 
ton Unnersity School of Medicine 
Mechamsm of azide inhibition of sjmthetic ac- 
tivity and its relation to phosphorylation 

74 Mitzi I Suskind {by invitation), Norma M 

M Hajek {by imitation), and H M Hines, 
State University of Iowa 
The effect of massage upon denervation atrophy 
of skeletal muscle 

75 James E P Toman and E A Swinyard tf>y 

invitation). University of Utah 
A companson of time relations in conxulsive 
and nonconvulsive responses to cortical 
stimulation 

76 G E VTakerlin, H Minaloya {by invitation), 

and T Lcfco {by initiation). University of 
Illinois 

Additional observations on the prophylaxis of 
experimental renal hypertension with renal 
extracts 

77 G E Wakerhn, Wayne Donaldson (by {jinfo- 

(lon) and Oliver Kamm {by invitation), 
Unnersity of Illinois 

Treatment of experimental renal by pertension 
inth lipg renal extract fractions 

78 G E W'akerlin, Wayne Donaloson (by jjinto- 

tion) and Oliier Kamm {by mutation), 
Unnersity of Illinois 

Treatment of experimental renal h\ pertension 
nith beef and sheep renal extracts 


79 G E Wakerlin, T Lefco {by invitation), and 

H Minatoya {by invitation), University of 
Illinois 

The effect of umlateral nephrectomy on the 
development and maintenance of experi- 
mental renal hypertension 

80 K G Wakim, Indiana University 

The effects of ethyl alcohol on the isolated 
heart 

81 K G Wakim, Indiana University 

The influence of ergotoxine on survival time of 
rats in shock 

82 Herberts Wells, University of Minnesota 
Effects of thermal gradients and thermal 

equalization on latent pain and hyperalgesia 
resulting from injury 

83 Samuel M Wells {by invitation), Ancel Keys, 

Austin Henschel, Henry Longstreet Taylor 
and Olaf Mickelsen {by invitation). Uni- 
versity of Minnesota 
lever function in malana 

84 Clinton N Woolsey, Francis M Dick {by in- 

vitation) and Robert H Frantz {by invita- 
tion), Johns Hopkins University 
Electrical responses in gyrus cinguli evoked by 
electrical stimulation of ipsilateral mam- 
millary body m cat and monkey 

85 MajorieB Zucker (introduced by M I Greger- 

sen), Columbia University 
Studies on spontaneous hemostasis, mth evi- 
dence for a humoral factor 

BIOCHEMISTRY A 
Tuesday, 9 00 am 

(See Bulletin Board for location) 


Carbon Compounds and Carbon Metabolism 

1 E Gordon Young and F A H Rice (by inw- 

tatwn), Dalhousie University, Halifax, 
Canada 

2-Keto-D glucomc acid m the polysacebande 
of insh moss 

2 F B Seibert and Jane Atno and Mabel Y 

Seibert (by mcitotion), Unnersity of Penn- 
sylvania, Philadelphia 

Changes m the serum proteins and carbohy- 
drate in tuberculosis and methods of analy sis 
5 W Ejiowlton Hall, Katrine Rawls and V P 
Sydenstneker {introduced by 4. P Briggs), 
Unnersity of Georgia School of Medicine, 
Auousta 

The excretion of certain urinary constituents 
malkaptanuna 

4 Alfred G Lisi and William M Hart {intro- 
duced by J Earl Thomas), Jefferson Medical 
College, Philadelphia 

Analysis of lactic acid with a modification of 
the Conwai microdiffusion umt 
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6 J Raymond Klein and Ruth HurwRz (/>;/ i«- 
vitation), Umvcrsjhi of Illiuots College of 
Medicine, Chicago 

Distribution of intravcnouslj iiijcrled friir- 
tosc and glucose bc(^\ccn blood and brain 

6 Alfred E Koehler and Elsie Hill {hg invttn 

lion), Santa Barbara Cottage Jloipttal and 
Sansum Chine, Santa Barbara, Cahfornm 
The effect of ovcr-nulntion on ketosis 

7 D Rittenberg, Ernest Borek (bij invitation) 

and Konrad Bloch, Columbia Unncriih; 
Synthesis of cholesterol in liver slices 

8 DeWitf Stetten, Jr , and Babette V Klein (by 

invitation), Columbia University 
Effect of insulin level uiion lipogcncsis 

9 Ralph C Corlej ahd Perrie D Somers (by in- 

vitation), Purdue University, Lafayette, In- 
diana 

Influence of insulin on consumption of oxygen 
by slices of liver in the presence of succinate 
and related substrates 

10 "Winston H Price (by invitation), Milton W 
Slem (by invitation), Sidney P Colowick 
and Gerty T Con, Washington University 
School of Medicine, St Louis 
Effect of adrenal cortex extract on the hexo- 
kinase reaction 

BIOCHEMISTRY B 

Tuesday, 9 00 a m 
(See Bulletin Board for location) 


Nitrogen Metabolism, Amino Acids 

1 Konrad Bloch and D Rittenberg, Columbia 

University, New York 

Acetylation, of foreign amines by acetyl amino 
acids 

2 Eaniel H Basinski (by invitation) and Robert 

R Sealock, University of Rochester 
Ascorbic acid and tyrosine metabolism 

3 Robert R Sealock and Tien Ho Lan (by invita- 

tion), Iowa State College, Ames, and Uni- 
versity of Rochester 

Oxidation of 1-3,4-dihydroxyphenylalamne by 
normal and scorbutic kidney tissue 

4 Phyllis A Bolt, Women’s Medical College of 

Pennsylvania, Philadelphia 
A reinvestigation of the possible secretion of 
creatimne by the kidney tubules of the 
necturus 

5 S A Singal (by invitation), A P Briggs and 

V P Sydenstricker and Julia Littlejohn 

(by invitation) , University of Georgia School 
of Medicine, Augusta 


Effort of try plopliniio on urinary excretion of 
nirotiriio acid in rats 

C Richard J Biock, Arte lor/ Mcdtral College 
The separation of ammo ands vitli the aid of 
ion ( xrliaiigers 

7 Martin E Ilankc, Unuernly of Chicago 
Prcri‘>e (stimation of lysine in the Van Slyke 

Neill inanometrir aiifiaratiis vifli a specific 
dera rlKixy ln>-e 

8 John A Nelson (by ini ilatiou), IMIllnm D 

Mcrnrlanc and Marcel Boiilct (by inrita- 
tion), McGill Unncr'-ity, Quebec, Canada 
A roloriinelrie inr tliod for the determination of 
1\ sine 

9 Anthony A Albancsc, L Emmett Holt, Jr, 

Jane E Erankston (by imitation) and "Vir- 
ginia Irby (by invitation). New } orf Uni 
icreity College of Medicine 
Estimation and characterization of bound 
ammo N of normal human tinnc 

BIOCHEMISTRY C 

Tuesday, 9 00 a m 

(Sec Bulletin Board for location) 


Growth Factors and Vitamin Studies 

1 C A Cary and A M Hartman, L P Dryden, 
G D Likely (by imitation), U S Depart- 
ment of Agriculture, Washington, D C 
An umdcntificd factor essential for rat growth 
2AM Hartman (introduced by C A Carx), 
U S Department of Agriculture, Wash- 
ington, D C 

Occurrence in foods, of an umdcntificd factor 
essential for rat growth 

3 G M Briggs and R J Ldlie (introduced by 

N R Ellis), Unncrsity of Maryland, Col- 
lege Park 

Folie acid in the prevention of abnormal 
feather pigmentation of chicks fed purified 
diets 

4 Max Rubin and H R Bird (introduced by N 

R Ellis), Agricultural Research Center, 
Bcltsville, Maryland 

Concentration and properties of a chick growth 
factor occurring in cow manure 

5 Joseph H Roe and Carl A Kuether, and Ruth 

G Zimler (by invitation), George Washing 
ton University, TFas/mi^ioii, D C 
Studies on the distribution of ascorbic acid in 
blood 

6 Robert E Johnson, Harvard University, Bos- 

ton, Mass 

Rate of urinary excretion of ascorbic acid, thi- 
amine, riboflavin and N^-methyl-mcotin- 
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amide and the effects of diuresis, alkalosis, 
acidosis and ingestion of food 

7 M R Horwitl, O Kreisler {hy invitation) and 

Ray D Williams, Elgin State Hospital, 
University of Illinois College of Medicine, 
Chicago, Washington University, Si Louis 
Factors affecting the levels of lactic and py- 
ruvic acids in the blood 

8 L Emmett Holt, Jr , Rosa Lee Nemir (by in- 

vitation), Katherine C Ketron (by invita- 
tion), Selma Synderman (by invitation), and 
Anthony A Albanese, New Yorl University 
The thiamine requirement of infants 

BIOCHEMISTRY D 
Tuesday, 9 00 a m 
(See Bulletin Board for location) 

Mineral Metabolism 

1 W D Armstrong, University of Minnesota, 

Minneapolis 

Mechamsm of skeletal disuse atrophy 

2 D Harold Copp (by invitation) and David M 

Greenberg, University of California Medi- 
cal School, Berkeley 

A tracer study of iron metabolism mth radio- 
active iron absorption, excretion, utilization 
and storage 

6 Marlene Falkenhcim (by invitation) and 
Harold C Hodge, University of Rochester, 
School of Medicine and Dentistry, Rochester, 
New York 

Phosphate exchange in bone using radiophos- 
phorus in vitro 

4 S Granick (introduced by L Michaehs), The 
Rockefeller Institute for Medical Research, 
New York 

Function of ferntm in regulating the absorp- 
tion of iron bj the gastrointestinal mucosa 
SAG Hogan and W O Began (by mutation), 
Umicrsity of Missouri, Columbia 
Diet and calcium phosphate deposits in guinea 
pigs 

6 C M McCaj and J S Resfarski, J G Bieri 

and Ross A Gortner, Jr (by invitation), 
Naial Medical Research Institute, Bcthcsda, 
Maryland 

Effects of acid beverages containing fluondo on 
the teeth and bones of dogs 

7 Wilbur R Tweed) and Max E Chilcote and 

MaryC Patras (by invitation), Loyola Uni- 
lersity School of Medicine, Chicago, Illinois 
Distribution, retention, and excretion of radio- 
phosphorus following th) roparath) roidec- 
tomj and the injection of parathjroid ex- 
tract 


BIOCHEMISTRY 

Tuesday, 3 00 p m 
BAliROOM 


Symposium on Some Recent Trends in Neuro- 
spora Biochemistry 

Herschel K Mitchell, Chairman 

1 Edward L Tatum, Yale University 
Introduction Neurospora as a biochemical 

tool 

2 Francis J Ryan, Columbia Unuersity 
The application of Neurospora to bioassay 

3 Herschel K Mitchell and Mary B Houlahan, 
Stanford University 

A preliminary report on the ademne mutants of 
Neurospora 

4 William D McEIroy, Johns Hopkins Univer- 

sity and Herschel K Mitchell, Stanford 
University 

Enzymatic studies on a temperature sensitive 
mutant of Neurospora 

5 Sterling Emerson, California Institute of 

Technology and John B Cushing, Johns 
Hopkins University 

Altered sulfonamide antagomsms in Neuro- 
spora 

7 30 p m Business meeting 

BIOCHEMISTRY A 
Wednesday, 9 00 a m 
(See Bulletin Board for location) 


Carbon Metabolism (etd ) and Respirator) 
Enzymes 

1 Johanna M Lee (by invitation), William H 
Summerson and Vincent du Vigneaud, Cor- 
nell Lniicrsity Medical College, hew York 
Further studies on the rOle of biotin in mam 
malian tissue metabolism 
3 John M Buchanan (by invitation), Warwick 
Sakami (by initiation), Samuel Gunn and 
Wright TV ilson, Lniicrsity of Pcnnsyhania, 
Philadelphia 

Intermediates of acetoacefate oxidation 

3 E S Guzman Barron, Grant R Bartlett (by 

tnti(ation), and George Kalnitskv (by tn- 
iitation) 

The oxidative pathwav of pyruvate metab 
olism 

4 David B Sprinson and Ern in Chargaff, Colum- 

bia Unuersity 

The chemistry and biological significance of 
h) drox) keto acids 
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5 Socro Ochoa, Ntiu York Umvcrtil^/ College 

of Medicine 

Enzj^malic formation of C 4 lnrarli 0 \jlir acids 
bj’’ CO: fixation 

6 M Blanchard (6i/ J7Hii/a/ion), D E Green, V 

Nocito-Carroll {by invitation) and S Ratner* 
Columbia University, New I orL 
Z-Hydro\j' acid oxidase 

7 H Glider and S Granicfi (introduced by L 

Michaelis), The Rod cfcllcr Institute for 
Medical Research, A^cw York 
Biological determination of protoiwrphjrin 

8 Marian W Kies (introduced by A K Balls) 

U S Department of Agriculture 
Effect of Hemin Proteins on Sojbean Liiioxi- 
dase 

9 Harrj G Albaum, Alex B No^ikofT, and 

Mannee Ogar firilroibiccd by Elxin A Ixa- 
bat), Brooklyn College 

The relationship between cytochrome oxidase 
and succinic dchj drogenase in the dc\ elop- 
ing chick embrj'o 

10 Harry G Albaum (by imitation) , Jaj Tepper- 

man (by invitation) and Oscar Bodansky, 
Edgewood Arsenal, Maryland 
The in vivo inactivation of brain cj tochromo 
oxidase and its effect on glycoljsis and on 
high energy phosphorus reservoirs in brain 

11 B L Horeckcr and Arthur Kornberg (tnfro- 

ducedby Harry D Bacrnstein), National In- 
stitute of Health, Bethesda, Maryland 
The cytochrome C-cyanide complex 

BIOCHEMISTRY B 

Wednesday, 9 00 a m 
(See Bulletin Board for location) 


Amino Acids (ctd ), Proteins 

1 Louis Berger (by invitation) and Philip A 

Shafifer, Washington University School of 
Medicine, St Louis 
Kinetics of the lodination of tyrosine 

2 Heinrich Waelsch and Blanche A Prescott 

(by invitation). New York Slate Psychiatric 
Institute and Hospital 

Glutamic acid content of human blood serum 

3 Ernest Borek (by invitation), Phyllis Sheiness 

(Joy invitation) and Heinrich Waelsch, NeiP 
York Slate Psychiatric Institute and Hospital 
Methionine sulfoxine a grow-th inliibiting 
analogue of glutamic acid 

4 Arthur Kornberg (introduced by W H Sebrell), 

National Institute of Health, Bethesda 
Anuno acids in the production of granulocytes 
in rats 

5 Choh Hao Li, University of California, Berke- 

ley 

lodination of tyrosine groups in “regenerated” 
serum albumin 


0 H rrncnkcl-Conrnt, Beatrice Brandon (by 
ini itnbon) and Harold S Olcott, U S De 
pnrlmnii of Agriculture 
CliciiiKal clnrat tf rization and crystallization 
of formnlflr by (If ilcrivaf ncs of gramidicin 

7 Gordon Aldcrton (by ini itn/ion), H L Pcrold, 

and II I) Llghtbodj, U S Department of 
Agriculture 

Some properties of lysozyme 

8 H L I 'ei old and Adclc Laiistcn (by imitation) 

h S Department of Agriculture 
Isolation of a new liiKiprotcin (lipoxitcllcnin) 
from egg yolk 

0 Lemuel D right and Helen R Skeggs (in- 
troduced by h Dirlc Arnow), Sharp and 
Dohmc, Inc , Glcnoldcn, Pennsylvania 
A method for determining the affimtx of avidin 
for analogs of Inotin 

BIOCHEMISTRY C 
Wednesday, 9 00 a m 
(Sec Bulletin Board for location) 


Vitamins (ctd ) 

1 W O Caster (by int i/ation), Olaf Mickelsen 

and Anccl Keys, Unncrsily of Minnesota, 
Minneapolis 

Relation between the urinary excretion of 
thiamine and pyramin (the py nmidine-liLe 
component of thiamine) 

2 E M Shantz (by invitation), N D Embree 

(by invitation), H C Hodge, and J H 
Wills, Jr (by invitation). University of 
Rochester, New York 

Replacement of vitamin A] by vitamin A: in 
the retina of the rat 

3 S W Clausen and A B McCoord and B L 

Golf (by invitation). University of Rochester 
School of Medicine 

Comparison of the absorption of ester and al- 
cohol xutamin A by-- human subjects 

4 Elizabeth C Callison (by invitation) and Elsa 

Orent-Keiles, U S Department of Agri- 
culture, Beltsville, Maryland 
Effect of solvent upon utilization of beta- 
carotene for vitamin A storage 

5 Elsa Orent-Keiles and Elizabeth C Callison 

(by invitation), U S Department of Agri- 
culture, Beltsville, Maryland 
Storage of vitamin A as influenced by composi- 
tion of the diet 

6 Albert E Sobel and Harold Werbin (by in- 

vitation), Jewish Hospital of Brooklyn, N Y 
Activated glycerol dichlorohydrin a new colori- 
metric reagent for vitamin A 

7 Albert E Sobel and Harold Werbin (by in- 

vitation) , J ewish Hospital of Brooklyn, N Y 
Estimation of vitamin A in fish liver oils by 
activated glycerol dichlorohydrin 
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BIOCHEMISTRY D 

Wednesday, Sam 
(See Bulletin Board for location) 


Biochemistry of Therapeutic and Toxic 
Substances 

1 George H Hogeboom (by tnvilalion) and 

Lyman C Craig, The Roclefeller Inshlutc 
for Medical Research, New Yorh 
The use of the “counter-current distribution” 
technique for the isolation of biologically 
active principles 

2 L O Krampitz (ftpinuitation) andC H Werk- 

man, Iowa Stale College, Ames 
On the mode of action of pemcilhn 

3 Granvil C Kyker, Mildred McEwen, E McG 

Hedgpeth, and Violet Young (introduced by 
James C Andrevrs), University of North 
Carolina, Chapel Hill 
Quimne, avitaminosis, and motility 

4 Lyman C Craig and Elwood Titus, Harold 

Mighton, Calvin Golumbic and Malcolm 
Siegel (by invitation). The Roclefeller In- 
slilutefor Medical Research, New York 
Study of the metabolic products of several 
synthetic antimalarmls in the human 

5 J Logan Irvin and Elinor Moore Irvin (by 

inmlalton), The Johns Hopkins University, 
School of Medicine, Baltimore 
Acid-base reactions of quinoline and acndine 
derivatives 

6 B B Westfall (by imntation) and H P Morris, 

National Cancer Institute, Bethesda, Mary- 
land 

Studies on the metabolism of 2 acetylammo- 
fluorine in rats 

7 W A Perlzweig, J W Huff (by invitation) 

and F Rosen (by invitation), Duke Uni- 
tcrstly Medical School, Durham, N C 
The effect of CCL poisomng on the fate of N'- 
methylmcotinamidc in the rat 

8 Eunice V Flock and Jesse L Bollman, The 

Mayo Foundation, Rochester, Minnesota 
Phospholipid Bj nthesis in damaged and regen- 
erating liver 

BIOCHEMISTRY 
Wednesday, S 00 pm 
Baiuioom 


Symposium on The Isotope Technique as Applied 
to Biochemistrj 

A Baird Hastings, Chairman 

1 Allen Reid, Columbia Unncrsity 

The concentration and the measurement of the 
stable isotopes 


2 M D Kamen, Washington University 

The preparation and measurement of the radio- 
active Isotopes with special reference to C**, 
0<, H» and H« 

3 D Shemin, Columbia Unnersity 

The application of N“ to the study of the 
metabolism of mtrogenous compounds 

4 D Rittenberg, Columbia University 

The biochemical applications of deuterium 

5 H G Wood, University of Minnesota 

The biochemical application of the vanous 
carbon isotopes (C“, C*’, and C“) 

BIOCHEMISTRY 
Thursday 11 am 
Business meeting 
BIOCHEMISTRY A 
Thursday, S 00 pm 
(See Bulletin Board for location) 


Respiratory Enzymes (ctd ) and other Enzymes 

1 John Fuller Taylor, Arda AJden Green and 

Gerty T Con, Washington Unnersity School 
of Medicine, St Louis 

Crystalline aldolase and its identity with 
mjogen A 

2 Dean Bnrk and Arthur L Schade, Mane L 

Hesselbach, and Clara E Fischer (by in- 
vitation), Rational Institute of Health, 
Bethesda, Maryland, and Overly Biochemical 
Research Foundation, New York 
Cobalt inhibition of tissue respiration, glycoly - 
SIS, and growth 

3 Zacharias Dische, Columbia Unnersity, New 

York 

Regulation of phosphorylations in anaerobic 
glycoljsis of red cells by its intermediary 
products 

4 Haron O Singher and Nathan Millman (in- 

troduced bijRA Woodbury), Ortho Research 
Foundation, Linden, New Jersey 
The adenosinctnphosphatase activity of 
smooth muscle 

5 P K Stumpf (by invitation) and D E Green, 

Columbia University, New Yorl 
d-Aimno acid oxidnso of proteus morgami 

6 L P Leloir (by imitation) and D E Green, 

Columbia Unnersity, New Yorl Histamine 
Oxidase 

7 Fritz Lipmann and Nathan O Kaplan (by in- 

vitation), Massachusetts General Hospital, 
Boston 

Report on a eocnzvmc for aeetj lation 
S M Berman and D Nachmansohn (i 
by H T Clarke), Columbia Unit 
Yorl 
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On tlie formation of acctjocholinc I)V ('holme 
acctylasc in the nerve n\oii 
9 Morris A Lipton {introduced bti E & Giirman 
Barron) 

The mechanism of the cnrjmatic H 3 iithcsis of 
acetylcholine 

10 Karl Mejer and Eleanor Halincl {bj/ invita- 
tion), Columbia Unit crsitii and Prcibutenan 
Hospital, New Yorl 
Lj'soryme ns a mucolytic cn7\mc 

BIOCHEMISTRl R 

Thursday, 2 00 p in 
(See Bulletin Board for location) 


Proteins (ctd ) 

1 Charles E Carter {by invitation) and Jesse P 
Greenstein, National Institute of Health, 
Bethesda, Maryland 

Thj’mus nucleate and the heat coagulation of 
egg albumin 

2 Kurt G Stern and Sanford Dbms {by invita- 
tion), Polytechnic Institute, Drool lyn, A Y 
Studies on thymus nucleohistone 

3 Erwm Chargaff, Columbia University, New 

York 

A nucleoprotein from avian tubercle bacilli 

4 David Shemin and D Ritfenberg, Columbia 

University, Nciv York 

Studies on the formation of heme and on the 
average life time of the human red blood cell 

5 David L Drabkin, University of Pennsylvania, 

Philadelphia 

The maintenance of active hemoglobin — a 
function of erythrocjdes 

6 Paul B Hamilton {by invitation) and Lee E 

Farr, Rockefeller Institute for Medical Re- 
search, New York 

Hemoglobin solutions suitable for intravenous 
admimstration 

7 Lee E Farr and Alma Hiller, Rockefeller Insti- 

tute for Medical Research, New York 
Preparation of dried hemoglobin without loss 
of activity 

8 O H Gaebler and Helen Duggan {by invita- 

tion), Henry Ford Hospital, Detroit, Michi- 
gan 

Improvements in determinations of carbon 
monoxide, bromsulphalem, and plasma dyes 

9 Aaron Bendich {by invitation) and Erwin 

Chargaff, Columbia University, New York 
The isolation and characterization of tw o anti- 
genic fractions of proteus OX-19 
10 Emil L Smith {introduced by O Wintersteiner) 
E R Squibb <t Sons, New Brunswick, N J 
The immune proteins of the cow 


BIOCHEMISTRY C 

Thursday, £ 00 p ni 
(See Bulletin Board for location) 


Steroids 

1 M Spicgcl-Adolph and G C Hcnny {by in 

illation), Temple Unit rrsity School of Medi 
cine, Philadelphia 

X-riv diffraction studies on gallstones 

2 Alfred E Koehler and Elsie Hill {by iniila 

tion), The Santa Barbara Cottage Hospital 
and The Sansurn Clinic, Santa Barbara, 
California 

The rate of the Licbcrmann-Burchard choles 
terol color reaction 

3 Wright Lnnghnm {by imitation) and R G 

Giistnvson, Uniicrsity of Colorado 
Effect of level of thjroid aetivitj on response 
of o\arieetomi7cd rats to estrone 

4 Eleanor H Venning and J S L Browne {by 

mutation). Royal I ictoria Hospital, Mon- 
treal, Canada 

Exeretion of urinary corticoid hormones by 
man in health and disease 

5 Harold L Mason and Edward J Kepler {by 

mutation), Mayo Clinic, Rochester, Minne- 
sota 

The metabolism of dehj droisoandrosterone 
C H Hirschmann {introduced by Ralph I Dorf- 
man), H cslcrn Reserve University and the 
Lakeside Hospital, Cleveland, Ohio 
Studies in steroid excretion 

BIOCHEMISTRY D 

Thursday, 2 00 p vi 
Ballboovi 


Joint Session with the Pharmacological Society 
Diisopropyl fluorophosphate 

1 Oscar Bodansky and Abraham Mazur, Chemi- 

cal Warfare Service, Edgewood Arsenal, 
Maryland 

The mechamsm of in vitro and in vivo inhibi- 
tion of cholinesterase activity by diisopropyl 
fluorophosphate 

2 Abraham Mazur, Chemical Warfare Service, 

Edgewood Arsenal, Maryland 
An enzyme in the ammal orgamsm capable of 
hydrolyzing diisopropyl fluorophosphate 

3 George B Koelle {by invitation) and Alfred 

Gilman, Chemical Warfare Service, Edgewood 
Arsenal, Maryland 

The chrome toxicity of diisopropyl fluorophos- 
phate (DFP) in dogs, monkeys and rats 
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4 Walter F Riker and Wilham C Wescoe (in- 

troduced by McKeen Cattell), Cornell Vnt- 
versily Medical College, New York 
Comparative studies on the mcotimc action of 
dnsopropyl fluorophosphate (DFP) 

5 Rudolph Koster {introduced by McKeen Cat- 

tell), Cornell Vniiersity Medical College, 
New York 

The synergistic and antagomstic effects of di- 
isopropyl fluorophosphate (DFP) and phy- 
sostigiiune in the cat 

6 M A Rothenberg and D Naclunansohn (in- 

troduced by H T Clark), Columbia Uni- 
versity, New York 

On the permeability of the nerve axon to di- 
isopropyl fluorophosphate (DFP) 

7 Frederick Crescitelh (by invitation), George 

B Koelle (by invitation) and Alfred Gilman, 
Chemical Warfare Service, Edgewood Arsenal, 
Maryland 

Nerve conduction in absence of cholinesterase 
actmtj induced by diisopropjl fluorophos 
phate (DFP) 

8 A McGehee Harvey, Benjamin F Jones, 

Samuel Talbot and David Grob {introduced 
by Oscar Bodansky), The Johns Hopkins 
Medical School, Baltimore, Maryland 
The effect of diisopropvl fluorophosphate 
(DFPO on neuromuscular transmission in 
normal individuals and in patients mth 
myasthema gravis 

9 J Todd (by inmfotion), J H Comroe, Jr , 

George Gammon (by invitation), George 
Koelle (by invitation) and Alfred Gilman, 
Unncrsity of Pennsylvania Medical School, 
Philadelphia, and Chemical Warfare Service 
Edgewood \rsenal, Maryland 
The effect of diisopropj 1 fluorophosphate 
(DPP) on normal men and patients vnth 
myasthema gravis 

10 I H Leopold {by invitation) and J H Comroe, 

Jr , Unncrsity of Pennsylvania Medical 
School, Philadelphia 

The effect of diisopropjl fluorophosphate 
(DFP) on the normal and glaucomatous eje 

BIOCHEMISTRY A 
Friday, 9 00 am 
(See Bulletin Board for location) 


Enzvmes continued 

1 Irwin B Sizer, Massachusetts Institute of 

Technology, Cambridge 
Action cf tvrosinasc on proteins 

2 Sidney P Colowick and B inston H Price (by 

ini i(nfion), Washington L nit crsity, School 
of Medicine, St Louts 

Enzjmatic formationof guanine bj a reversible 
phosphorolj tic cleavage of ribonucleic acid 


3 Michael Laskowski, Marquette University 

School of Medicine, Milwaukee 

Partial purification of thymonucleodepoly- 

merase 

4 Otto Schales, Virginia Mims (by invitation) 

and Selma S Schales (by mutation), Alton 
Oehsner Medical Foundation, A^ew Orleans 
Glutamic acid decarboxylase of higher plants 

5 Hans Lineweaver and Eugene F Jansen, L 

R MacDonnell and Josie Jang (by invita- 
tion), U S Department of Agriculture 
The specificity of pectinesterase of higher 
plants 

6 Armand J Quick, Marquette Uniiersity School 

of Medicine, Milwaukee 
Influence of decalcification on the determina- 
tion of prothrombin 

7 Lowell O Randall, The Wellcome Research 

Laboratories, Tuckahoe, A’’ Y 
Reaction of thiol compounds mth hydrogen 
peroxide and peroxidase 

8 P K Stumpf (by iniitafion) and D E Green, 

Columbia University, New York 
On the mode of action of chlorinating com- 
pounds 

9 Donald E Bowman, Indiana University School 

of Medicine, Indianapolis 
Influence of lodination of trjptic actnitj 

BIOCHEMISTRY B 
Friday, 9 00 am 
(See Bulletin Board for location) 

Studies on Growth and Protein Metabolism 

1 Choh Hao Li, University of California, Berke- 

ley 

Sulfur amino acids in grow th and adrenocorti- 
cotrophic hormones 

2 Arthur J Mueller (by imitation), Warren M 

Cox, Jr and Dorothj Stoat (by mutation). 
Mead J ohnson d. Company 
Supplementation of casein and a casein hj dro- 
lysate with cjstine and methionine 

3 Douglas V Frost, Jean Heinscn, and Robert 

T Olsen {introduced by D W MacCorquo- 
dale), Abbott Laboratories, Aorth Chicago, 
Illinois 

The use of high levels of partial acid hjdrolj- 
sates of proteins intravenously in hjpopro- 
tememic dogs 

4 Anthony A Albanesc and Virginia Irby and 

Jfine E Frankston (by mutation), A^ew 
I orl Unncrsity CoUcac of Medicine 
Effect of carbohv drate feeding on the unnarj 
output of ammo acid and other metabolites 
in man 

5 Herbert C Tidwell (by mutation) and C R 

Treadwell, Southwestern Medical College, 
Dallas, Texas 
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Relation of fasting ketosis to tlic prolcm of llip 
preceding diet 

6 Barnett Sure, Uiuicrsily of Arl auta", I'ai/rttr 

villc 

Dietary requirements for fcriilitj and heln- 
tion XXXIII Dried yeasts as soiirees of 
proteins and vitamin B complc\ for growth, 
reproduction and lactation 

7 Charles F Kadc and Jean Houston (btj in 

vilalioii) and Mchillc Sahjiin, VraUneJ 
Stearns Company Dtinston, Sterhny Drug, 
Inc , Dclrotl 

The maintenance of nitrogen balance on lov 
nitrogen and low caloric intakes 

BIOCHEMISTRY C 

Friday, 9 00 a m 

(See Bulletin Board for location) 


Lipids 

1 Cohn C Lucas (by tniitalion), C H Best, 

Jessie H Ridout (by invitation) and Jean 
M Patterson (by invitation), Unucrsity of 
Toronto 

The lipotropic factors 

2 Jordi Folch, Rockefeller Insttlule, New York, 

and Harvard Medical School, H at crlcy. 
Mass 

Isolation of brain diphosphoinositido, a new 
phosphatide containing inositol meta diphos- 
phate as a constituent 

3 Warren M Sperrj and Florence C Brand (by 

invitation), New York State Psychiatric 
Institute and Hospital 
The hydrolysis of sphingomyelin 

4 Mary C Panghorn, Ncio York Stale Depart- 

ment of Health, Albany, N Y 
A study of the composition of cardiolipin 

5 G Schmidt, J Benotti (by invitation) and S 

J Thannhauser, J Pratt Diagnostic Hos- 
pital and Tufts Medical School, Boston 
A method for the microdetermination of 
sphingomyelin in tissues 

6 Elizabeth Pinkerton, E L MacQuiddy and 

Hartmann Goetze (by invitation) and Fred 
W Oberst, University of Nebraska, Omaha, 
and Wm S Merrell Company, Cincinnati, 
Ohio 

Fate of sodium ricmoleate after oral adminis- 
tration to white rats 

BIOCHEMISTRY D 

Friday, 9 am 

(See Bulletin Board for location) 


Biochemistry of Toxic Substances (ctd ) 

1 Herbert P Sarett and Bernard J Jandorf 
(introduced by Oscar Bodansky), Chemical 


nrfnrr Srrnrr, l.dgrirood Artrnnl, Mary 
land 

Lfferta of chrome into\ira(ion of rats with 
DD I on hpida nml other ron'ititu''nts of 
li\( r 

2 R G Sinclair, G Hale, and 1) I nirhmrn (ty 
imitation), Qiirru'o (jtiturnty, Kingiloy, 
Canada 

Liiud mil' lard lomiictunda 

Alfrid Chnntilln and Stephan Lndcwig, Vnt 
irvit’/ of Virginia 

I ffecl oiindren"! eonatitiientsof injury tonts 

1 I rland C fljeasing Iby imitation) and Alfred 
Chaniilin, bniu ruty of I irgmia 

LI( rtrophnretic rhangca in the rerum protein 
Iiattcrna of dogs subjected to \arioua types 
of injury 

5 Stephan Ludewig, Frland G Gjossing (fcy m 
Illation) and Alfred Chanulin, hnncrsilyof 
1 trgtnia 

Protein fractioiuation studies on the sera of 
control and injured dogs 

niOCHFAHSTRY 
/ Tiday, S 00 p m 
B \ixnooM 


Symposium on Biochemistry of Malarial Parasites 
and the Mode of Action of Antimalarial Drags 

W M Clark, Chairman 

1 K C Blanchard (by invitation) 

A sur\cy of the malarial problem 

2 E A Elans, hnivcrsity of Chicago 
Enrymo systems operating within the malanal 

parasite 

3 E G Ball, Hanard Medical School, Boston 
Chemical and nutritional observations on 

malarial parasites grown in itlro 

4 L Hcllerman, Johns Hopkins University, 

Baltimore 

Metabolism of cell-free malarial parasites, with 
respect to the action of certain antimalarial 
agents 

5 W B Wendel, University of Tennessee, Mem- 

phis 

The influence of naphthoquinones upon the 
respiratory and carbohydrate metabolism of 
malarial parasites 

(PAPERS READ BY TITLE) 


BIOCHEMISTRY 

1 James C Andrews and W E Cornatzer (by 

invitation). University of North Carolina 
Metabolism of cinchomne in dogs and man 

2 W D Armstrong, University of Minnesota 
Skeletal atrophy from disuse 
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3 A K Balls and Bernard Axelrod and Marian 

IV Kies [by tnvilalton), U S DepaTlment 
of Agncullure 

Activator for soj bean bpovidase 

4 Bernard B Brodie, Sidney Udenfriend (by tn- 

I'ltabon), John B Baer (by invitation) , New 
York University 

A scheme for the analysis of basic orgamc com- 
pounds in biological tissues , 1 Isolation prior 
to estimation 

5 Bernard B Brodie, Sidney Udenfriend (by in- 

mlalion), Wesley Dill (by invitation). New 
York University 

A scheme for the analj sis of basic orgamc com- 
pounds in biological tissues 2 Estimation of 
fluorescent compounds 

6 Bernard B Brodie, Sidney Udenfriend (by in- 

vitation), Wesley Dill (by invitation), and 
Theodore Chenkin (by invitation). New York 
University 

A scheme for the analysis of basic orgamc com- 
pounds in biological tissues 3 Estimation 
by conversion to fluorescent compounds 

7 Bernard B Brodie, Sidney Udenfriend (by in- 

vitation), and John V Taggart (by invita- 
tion), New York University 
A scheme for the analysis of basic orgamc com- 
pounds in biological tissues 4 The estima- 
tion of compounds by coupling with diazo- 
mum salts 

8 Bernard B Brodie, Sidney Udenfriend (by in- 

vitation) and Wesley Dill (by intnlalion). 
New York University 

A scheme for the analj sis of basic orgamc com- 
pounds in biological tissues 5 Estimation of 
compounds by salt formation mth methyl 
orange 

9 Charles E Carter (by invitation), and Jesse P 

Grecnslein, National Institute of Health 
Thj mus nucleate and the heat coagulation of 
aqueous tissue extracts 

10 Philip P Cohen and Mika Hayano (by inmta- 

lion), University of Wisconsin 
The r61e of anudes in urea sj nthesis 

11 A C Corcoran and Irvine H Page with the 

assistance o/ R H Hams, Cleveland Clinic 
Foundation 

A method for the determination of manmtol in 
blood and urine 

12 W J Dann and Jesse W Huff (hj/ imita(ion), 

Dufe Unncrsity 

Metabolism of excess of mcotinamide by the 
chicken 

13 Zacharias Dische, Columbia Unncrsity 

A characteristic and scnsitue colour reaction 
of SH compounds 

14 Robert S Gordon, Jr (by invitation) and 

John D Ferry, Hanard University Medical 
School 

Studies of the melting points of gelatin gels 


15 E Hay, P Seguin (by invitation) M Larividre 

(by invitation) and H Jensen, University of 
Montreal 

The renotropic effect of the anterior pitmtary 

16 Edward S Josephson, U S Public Health 

Service (by invitation), Sidney Udenfriend 
(by imitation) , and Bernards Brodie, N'ew 
York University 

A scheme for the analysis of basic orgamc com- 
pounds in biological tissues 6 Ultraviolet 
spectrophotometry 

17 Barbara Kennedy (by invitation) and Ruth 

Okey, University of California 
Effect of splenectomy on the anemia of choles- 
terol fed gmnea pigs 

18 Agnes Fav Morgan, Helen E Axelrod and 

Mary Groody (by invitation), University of 
California 

Effects of a single massive dose of vitamin Dj 
on young dogs 

19 Paul K Smith, Lt Col , Jane R Bayliss, S 

Orgorzalek and Margaret M McClure, AAF 
School of Aviation Medicine, Randolph Field, 
Texas 

Metabolism of large doses of para-aminobenzoio 
acid 

20 M Spiegel-Adolph and H T Wycis and E A 

Spiegel (by invitation), Temple Medical 
School 

Enzyunatio action of cerebropsinal flmd follow- 
ing concussion 

21 Henry Longstreet Taylor, Glenn Fischer (by 

invitation), Samuel M Wells (by invitation) 
and Ancel Keys, University of Minnesota 
The effect of expenmental malana on the elec- 
trophoretic pattern of the serum proteins of 
normal young men 

PHARMACOLOGY A 
Tuesday, 9 00 am 
Room 9 


Analgesics, Anesthetics 

1 Anna J Eisenman, Research Department, U S 

Public Health Scnicc Hospital 
The effect of morphine on the oxygen satura- 
tion of arterial blood (Biochcm ) 

2 Abraham Wikler, U S P H S Research De- 

partment, U S Public Health Service 
Hospital 

Reactions of chronic totally decorticated dogs 
duringa cycle of morphinoaddiction 

3 Ewart A Swinyard (by invitation), James E 

P Toman, and Louis S Goodman, Dni- 
icrsity of Utah School of 1/cdicinc 
The effects of bodv n-atcr and clcctroly to shifts 
on expenmental convulsions 
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4 Louis S Goodman, Ewart A Swinjard (6;/ in- 

vzlation), and James E P Toman, Unt- 
versily of Utah School of Mcdicxnc 
Further studies on the anticonvulsant proper- 
ties of tndione (3,5,5-trimcthj’lo\a7ohdinc- 
dionc) 

5 R W Whitehead, L W Roth {by ixivtlatton), 

andW B Draper, University of Colorado 
Antidotal action of mctrarol against pentothal 
sodium overdose 

6 Bjron B Clark and Miriam Spitalnj {by invi- 

tation), Albany Medical College, Union Uni- 
versity 

Prothrombinopenic aclivitj of the salicjlates 
and pharmacologically related drugs 

7 Paul K Smith, Helen L Gleason, Charles B 

Stoll, and S Orgorzalek, Randolph Field 
AAF School of Aviation Medicine 
Studies on the pharmacolog}' of salic} laics 

8 Charles M Gruber and Goldie Freedman loo- 

ser (6t/ invitation), Jefferson Medical College 
The response of the isolated frog heart to dif- 
ferent barbiturates 

9 E Leong Way, (rntrodweed 6i/ George B Roth), 

The George Washington University School of 
Medicine 

One nay isompecaine-barbituratc antagonism 

10 Edwin J Fellows, Temple University School of 

Medicine 

The analgesic action of the racemates of I- 
amino-I-phthalidylpropane hydrochloride 

11 E 'R.ossVLoxi, Jefferson Medical College 

The analgetic potency and acute toxicity of 
salicylamide and certain of its derivatnes as 
compared nith established analgetic-anti- 
pyretic drugs 

12 Charles C Scott and K K Chen, Lilly Re- 

search Laboratories 

The action of l,l-diphenyl-l-(dimethylamino- 
isopropyl)-butanone-2, a potent analgesic 
agent 

13 Albert R Latven {by invitation), Walter A 

Freyburger {by invitation), and Karl H 
Beyer, The Medical Research Division, Sharp 
and Dohme, Inc 

The relationship of structure to activity and 
toxicity of a series of local anesthetic agents 

14 H R Hulpieu and V V Cole, Indiana Uni- 

versity School of Medicine 
Potentiation of the depressant action of alcohol 
by adrenalin 

15 John C Krantz, Jr , University of Maryland 

School of Medicine 

The anesthetic properties of n-propyl methyl 
ether 


PHARMACOLOGY B 

Tuesday, 9 00 am 
CoMMiTTiF Room 1 

1 Kathleen G Seymour {by imitation) and 

LIdon M Bojd, Queen’s Umicrsily 
Tilt antipyretic action of camphor 

2 Lloyd W Hazleton and Rebecca C Hellcrmnn 

{by imitation). The George Washington Uni 
vcrsity. The halusowsh Memorial Research 
Laboratory 

Studies on the pharmacology of cholic acid 

3 Anthony M Ambrose and Floyd DoEds, Bu 

rcaii of Agricultural and Industrial Chemis- 
try U S Department of Agriculture 
Pharmacological properties of citnnin 

4 llamihon H Anderson, Victor P Bond, and 

Benedict E Abreu, Uniicrsity of California 
Medical School 

Pharmacologic properties of p-carbamidophen- 
ylarsenous oxide 

5 R K Bichards, Abbott Laboratories 
Inhibition of procaine induced convulsions by 

its split products (Physiol ) 

6 Guy M E>crctt {introduced by R K 

Richards), Abbott Laboratories 
Anticonvulsant action of drugs against mctrazol 
and anti-cpileptic activity (Physiol ) 

7 C J CamphcM {by invitation), 3 P Maes, and 

R M Barrett {by imitation), Dartmouth 
Medical School 

Sodium succinate as an analeptic in man 
{Physiol ) 

8 R A Waud and Ruth Horner {by invitation), 

University of 11 estern Ontario Medical School 
The treatment of pulmonary edema mth suc- 
tion and certain drugs 

9 Charles R Thompson (5i/ im’itntion) and Har- 

old W Werner, Research Laboratories, The 
Wm S Merrcll Co 

Studies on the fate of tri-p-anisyl chloro- 
ethylene and hexestrol 

10 W Glenn Moss (6j/ iniatation) and C C Pfeif- 

fer, University of Illinois College of Medicine 
Quantitative studies on mtradermal n heals 

I Pressure required to produce cutaneous 
M heals 

11 C C Pfeiffer, University of Illinois College of 

Medicine 

Quantitative studies on mtradermal n heals 

II The use of a skin plethysmograph to study 
changes in the volume of cutaneous wheals 

12 R W Dingwall {by invitation) axidB M Boyd, 

Queen’s University 

The absorption, distribution and elimination of 
different pharmaceutical forms of sulpha- 
diazine 
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PHARMACOLOGY C 

Tuesday, 9 00 am 
Committee Room 2 


Papers Transferred from Physiology 

1 J H Bannon, Jr , D J W Escher, and M 

Bevelander (introduced by Homer W Smith), 
New YorL University College of Medicine 
The effect of the continuous administration of 
p aminopropiophenone on the blood in man 
(Physiol ) 

2 T C Barnes, Hahnemann Medical College and 

Hospital of Philadelphia 
The effect of healing agents on the wound po- 
tential of human skin (Physiol ) 

3 E C del Pozo and G Anguiano L (by invita- 

tion), Institute Politkcnico Naeional, Mexico 
Physiological actions of scorpion venom 
(Physiol ) 

4AM Lands, Eleanor Rickards (6j/tnt)italion), 
and V Loraine Nash (by invitation), Fred- 
erick Steams and Co 

Pharmacology of some vaso-depressor com- 
pounds (Physiol ) 

5 John R Lewis (introduced by A M Lands), 

Frederick Steams and Co 
Potentiating and pressor action of some N-sub- 
stituted hexylamines (Physiol ) 

6 Tsan-wen Li (by inmialton) and Smith Free- 

man, Northwestern University Medical School 
The effect of methiomne on the growth of pro- 
tein deficient rats e\posed to benzene 
(Physiol ) 

7 David I Macht, Department of Pharmacology 

Laboratories of Sinai Hospital 
Comparative tOMCity of penicillin for ammals 
and plants (Physiol ) 

SAW Martin, Helen M Kipplc (by invitation), 
3 M DiHe (by iniitation), and Bernice G 
Hams (by invitation), University of WosA 
ington 

Spinal and peripheral sinaptic susceptibility 
to nembutal (sodium pentobarbital) as shown 
by vesicular responses (Physiol ) 

9 George Masson, McGill Unncrsity 

Effects of proteins on the resistance to ones 
tlicsia produced by barbiturates (Physiol ) 

10 H M Mating (6;/ tnt'!/af ton) and G H Ache- 

son, Hartard Medical School 
Righting activity m spinal and decerebrate 
catsafterd amphetamine (Physiol ) 

11 'WiIlicW Smith, Industrial Hygiene Research 

Laboratory, National Institute of Health 
The protective action of cystine and methio- 
nine in rats exposed to methyl chloride 
(Physiol ) 

12 C V Winder, C C Pfeiffer (by invitation), 

and G L Mnison, Research Department, 


Parke, Davis and Co and Department of 
Pharmacology, Wayne University 
The nociceptive contraction of the musculus 
cutaneous mavimus in the guinea pig as elic- 
ited by radiant thermal skin stimulation, 
temporal and spatial summation and sus- 
ceptibihty to centrally acting analgetic 
drugs (Physiol ) 

PHARMACOLOGY A 

Tuesday, 2 00 pm 
Room 9 

Parasympathetic and Related Drugs 

1 Donald Slaughter, Southwestern Medical 

College 

The modifying action of neostigmine on pain 
threshold responses to various opiates 

2 Benedict E Abreu, Robert J Tufts, and Mar- 

jorie E Coutolenc, University of California 
Medical School 

Central nervous system effects of anticholiner- 
gic agents 

3 A Earl Vivino (by invitation) and Theodore 

Koppanyi, Georgetown University School of 
Medicine 

The interhction between neostigmine and epi- 
nephrine and the dimethylpipendines 

4 Theodore Koppanyi and A Earl Vivino (by »n- 

vitation), Georgetown University School of 
Medicine 

Dimethylpipendines as pnmary ganglionic 
depressants 

5 M Shirley Lapp (by invitation) and E M 

Boyd, Queen’s University 
On the expectorant action of cholinergic drugs 

6 M A Root (introduced by O Kmyer), Hariard 

Medical School 

Dose and intensity of action and elimination of 
prostigimne 

7 Walter F Riker (by invitation), Tl Clarke 

Wescoe (6i/ imitation), McKeen Cattell, and 
Ephraim Shorr, Cornell Uniiersily Medical 
College and The New York Hospital 
The mechanism of action of prostigmino 

8 Carroll A Handley, Baylor Unncrsity College 

of Medicine 

The pharmacologicactionof some dcrivativesof 
benroylcholine 

9 Frederick K Bell (6y imitation) and C Jellcff 

Carr, University of Maryland School of 
Medicine 

The pharmacology of a new scries of choline 
salts 

10 Norman W Karr (introduced by Benedict E 

\breu), Unncrsity of California Medical 
School 

A comparative studv of substituted phenolic 
urethanes 
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]1 R W Brauer and M A Root {inlrodMcnl by 
0 Kraycr), Harvard Medical School 

Liver injury and its influence upon llic arct> 1- 
choline splitting activity of rat and dog 

PHARMACOLOGY B 
Tiicsdaii, 2 00 j) in 
CoMMiTTHL Room 1 

Joint Session, Biometrics Section, American 
Statistical Association, and The 
Pharmacological Societj 

IMG Allmark, W M Bachinski (by itittla- 
iion), and C A Morrell, Laboratory of Hy- 
giene, Department of National Health and 
Welfare, Canada 

The application of a graded t^po of rcsiionse 
technique for the bio assay of pituitary ex- 
tract (posterior lobe) 

2 W Raj Brjan (by invitation). National Cancer 
Instilutc, National Institute of Health, U S 
Public Health Service 

Use of the latent period in studies on the agent 
of chicken tumor I 

1 C I Bliss and B L Bartels (by invitation), 
Yale University and Connecticut Agricultural 
Experiment Station 

The determination of the most efficient re- 
sponse for measuring drug potenej' 

4 E M Jellinck (by invitation), Yale University 

R61e of the placebo in tests for drug dis- 
crimination 

5 Edwin J de Beer, The Wellcome Research 

Laboratories 

A statistical examination of the sources of error 
in the assaj" of mydriatic drugs by means of 
the rabbit’s pupil 

G L I Pugsley, Laboratory of Hygiene, Depart- 
ment of National Health and Welfare, Canada 
Study of the variables affecting the precision 
of the assay of estrogens j- 

PHARMACOLOGY C 

Tuesday, S 00 p in 
Committee Room 2 


Drug Toxicity, DDT, etc 

1 Geoffrey Woodard and Ruth R Ofner (intro- 

duced by Bert J Vos, Jr ), Food and Drug 
Administration, Federal Security Agency 
Accumulation of DDT in the fat of rats in rela- 
tion to dietary level and length of feeding 

2 W F Von Oettingen and N E Sharpless (by 

invitation). Industrial Hygiene Research 
Laboratory, National Institute of Health 


The relation bolncen the chemical structure of 
DDT and its to'icitj uith oral administra- 
tion to mice 

3 M I Smith, II Bauer (by imitation), 11 F 
Stohlman (by imitation), and R D Lillic, 
Diwion of Phyiolngy and the Pathology 
Laboratory, hationnl Institute of Health 
The pharmacologic action and metabolism of a 
seriea of (omiKiiinds cliemicnllj related to 
DDT 

1 J II Vclshandll T Gordon (by imitation), 
Hariard bmicrsity 

The mode of action of DDF (Physiol ) 
f) Bernard P McNamara (by imitation), Rich- 
ard J Bing, and Francis (by imitation), 
Chemical 11 arfarc Sen ice, Hdgcicood Arsenal 

6 Frederick S Philips (by imitation), Alfred 

Gilman, and Frederick Crcscitelli (by invi- 
tation), Chemical 11 arfarc Scriicc, Edgewood 
Arsenal 

The Eensitimlion of the myocardium to sympa- 
thetic stimulation during acute DDT intoxi- 
talion in mammals (Physiol ) 

7 K P Du Rois (introduced by E M K Geiling), 

University of Chicago Toxicity Laboratory 
Biochemical studies on the toxicology of alpha- 
iiaphthj Ithiourea (ANTU) 

8 Maynard B Chenoweth and Alfred Gilman, 

Chemical Warfare Service, Edacxcood Arsenal 
Pharmacology of fluoroacetate 

9 J L Whiltenbergcr (III/ imi/o/ion)> J Wexler 

(by invitation), S Himmelfarb (by invita- 
tion), and P R Dumke, Chemical Warfare 
Scriicc, Edgewood Arsenal 
The effect of metliemoglobinenua on the respir- 
atory stimulation by cyamde in man 

10 Jack Wexler (by invitation), J L Whitten- 

berger (by invitation), and P R Dumke, 
Chemical Warfare Service, Edgewood Arsenal 
The effect of cj’anide on the electrocardiogram 
of man 

11 K K Vining, Jr , J L Whittenberger, A C 

Wollnck (introduced by P W Dumke), 
Chemical Warfare Service, Edgewood Arsenal 
A comparison of the effect of 7% carbon dioxide 
with 93% oxj gen, and pure oxj gen, on goats 
and dogs, acutely asphyxiated mth carbon 
monoxide 

12 Bernard J Jandorf (by invitation) and Oscar 

Bodansky, Chemical Warfaie Service, Edge- 
wood Arsenal 

R61e of methemoglobinenua in protection 
against and treatment of inhalation poisomng 
byHCNand CNCl 

13 A J Dziemian (introduced by Paul Dumke), 

Chemical Warfare Service, Edgewood Arsenal 
The effects of body-gassing nuth mustard vapior 
on the carbohydrate metabolism of dogs 
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PHARMACOLOGICAL SOCIETY BUSINESS 
MEETING 

Tuesday, 7 SO ■pm 
Room 9 

PHARMACOLOGY 
Wednesday, 9 00 am 
Baujsoom 


Symposium on Advances m Pharmacology 
EesnUing from War Research 

A N Richabds, Chairman 

1 Alfred Gilman, Pharmacology Section, Medical 

Division, Chemical Warfare Service, Edge- 
wood Arsenal 

Therapeutic applications of chemical warfare 
agents 

2 Frederick S Philips, Pharmacology Section, 

Medical Division, Chemical Warfare Service, 
Edgewood Arsenal 
Insecticides and rodenticides 

3 E K Marshall, Department of Pharmacology, 

Johns Hopl ins University 
Malanal chemotherapy, 1941-1945 

4 Hans Molitor, Merck Institute for Therapeutic 

Research 

Bacterial chemotherapy 

Professors August Krogh and Corneille Hey- 
mans will attend and participate in the dis- 
cussion 

PHARMACOLOGY A 
Wednesday, 9 00 pm 
Room 9 

Chemotherapy and Pharmacology of Malaria 

1 Robert W Berliner (by invitation), John V 

Taggart (by imitation), Charles G Zubrod 
(fcyinritation), WiUiom J Welch (by invita- 
(lonl.DavidP Earle, Jr (by invitation), anA 
James A Shannon, Research Service, Third 
Medical Division, Goldwalcr Memorial Hos- 
pital, and the Department of Mcdieine, New 
Yorl Uniicrsily College of Medicine 
Cinchona alkaloids 1 Appraisal of suppressne 
nntiinalarial nctmtv 

2 Charles G Zubrod (by invitation), Robert W 

Berliner (by imitation), JohnV Taggart (by 
imi(alion), William J Welch (byimitation), 
David P Earle, Jr (by imitation), and 
James A Shannon, Research Sen tec. Third 
Medical Diiision, Goldicatcr Memorial Hos 
pita}, ond the Department of Medicine, New 
1 or/ Unitcrsily College of Medicine 
Cinchona alkaloids 2 Comparative suppres- 
sive antimalanal aclivntj 


3 John V Taggart (by invitation), Robert W' 

Berliner (by invitation), Charles G Zubrod 
(by invitation), William J Welch (by invita- 
tton), David P Earle, Jr (6y invitation), and 
James A Shannon, Research Service, Third 
Medical Division, Goldwater Memorial Hos- 
pital, and the Department of Medicine, New 
York University College of Medicine 
Cinchona alkaloids 3 Phj Biological disposition 
in man 

4 Bernard B Brodie, John E Baer (by invita- 

tion), Research Service, Third Medical Divi- 
sion, Goldwater Memorial Hospital, and the 
Department of Medicine, New Yorl Univer- 
sity College of Medicine, and Lyman C Craig, 
Rockefeller Institute for Medical Research 
Cinchona alkaloids 4 Metabolic products in 
human urine 

5 David P Earle, Jr (introduced by James A 

Shannon), Research Service, Third Medical 
Division, Goldwater Memorial Hospital, and 
the Department of Medicine, New York Uni 
versity College of Medicine 
Cinchona alkaloids 5 Phj Biological disposition 
of cinchonine metabolic products in man 

6 William J Welch (bi/iniutation), John V Tag- 

gart (by invitation), Robert W Berliner (by 
invitation), Charles G Zubrod (by inuta- 
tion),DavidP Earle, Jr (by imitation), and 
James A Shannon, Research Sen tee. Third 
Medical Division, Goldwater Memorial Hos- 
pital, and the Department of Medicine, New 
York University College of Medicine 
Cinchona alkaloids 6 Suppressive antimalanal 
activity of cmchomne carbostj nl 

7 W Eugene Knox (introduced by James A Shan 

non). Research Service, Third Medical Dm 
Sion, Goldwater Memorial Hospital, and the 
Department of Medicine, New York Unttcr- 
sity College of Jfcdicinc 
Cinchona alkaloids 7 The nature of the qui 
mne oxidizing enzj me of In or 

8 William D Blake (by imitation), Charles G 

Zubrod (by imitation), and Morris Rosen- 
feld, Research Sentcc, Third Medical Dm 
Sion, Goldwater Memorial Hospital, and the 
Department of Medicine, Acw Yorl Uni 
icrsity College of Jfcdicinc 
Mcthcmalbuminemia during combined therapy 
mth pamaqmncand quimne 

9 Joseph W Jailer (by imitation), Charles G 

Zubrod (by innlation), Morris Rosenfold, 
and James A Shannon, Research Service, 
Third Medical Division, Goldwater Memorial 
Hospital, and the Department of Medicine, 
Nfw 1 orl Uniicrvily Collcyc of Medicine 
Influence of altered acid base balance and 
anoxia upon the phv siological disposition of 
certain antimalanal drugs 
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10 Thomas J Kennedj, Jr , {by jnvi(alion), 
Charles G Zubrod {by tiivtlalrou), Frederick 
S Bigelow {by tnntatiori), Robert W Ber- 
liner {byi7ivilatton),an<i3amesA Shannon, 
Research Service, Third Medical Division, 
Goldwatcr Memorial Hospital, and the De- 
partment of Medicine, New York University 
College of Medicine 

‘V meclianism of drug “potentiation” Paina- 
quin metabolism as innuonced bv qiiinacrinc 

PHARMACOLOGY B 

Wednesday, 2 00 p m 
CoMMiTTcr Room 1 


Drug ToMcitj 

1 Paul N Hams, K G WaLim, and K K Chen, 

Lilly Research Laboratories and Indiana 
University Medical Center 
Effects of senecionine on tlie hamster and 
monke} 

2 W A McOmie {introduced by Ilainilton II 

Anderson), University of California Medical 
School 

Certain aspects of tlic toxicit} of dial^l 
phthalate 

3 O Garth Fitzhugh, hood and Drug Admtnis 

iration, Federal Security Agency 
Production of cataracts in rats uith beta 
tetralol 

4 John H Draize, Elsie Alvarez {by invitation), 

and Mane F Whitesell {by invitation), Food 
and Drug Administration, Federal Security 
Agency 

ToMcity and primary iiritation of some chemi- 
cal compounds following oral administration 
and skin application 

5 Alfred Gellhorn {by invitation) and H B van 

Dyke, Depot tment of Pharmacology, College 
of Physicians and Surgeons 
The tissue distribution and the excretion of 
antimony after administration of tervalent 
and qumquevalent antimomals 

6 E P Laug and E A Vos, E J Umberger and 

F M Kunze {by invitation) , Food and Drug 
Administration, Federal Security Agency 
Percutaneous penetration of mercury in the 
rat {Biochein ) 

7 S Anderson Peoples, Baylor University Col- 

lege of Medicine 

The effect of phloridzin on the renal excretion 
of mercury 

8 Lloyd D Seager and Gina Castlenuovo {by 

invitation). Woman’s Medical College of 
Pennsylvania 

The acute and chrome toxicity of stilbamidine 

9 R P Walton and C B Preacher (Joy invita- 

tion), Medical College of South Carolina 
Toxicity of metbylamino-iso-octene (octin) 


10 Donald Mathitson {by iniilalion), Harry W 

Hajs {by iniitalion), Dorothy Chess {by in- 
vitation), Anne Cameron {by invitation), and 
Fredrick F lonkman, Ciba Pharmaceutical 
Products, Inc 

Acute and chronic toxicity studies of pyri- 
beiizaimnc hydrochloride (N'-py ridyl-N'- 
benzy 1-N -dimct hy lethy lenediamine HCl) 

11 Harry Eagle, Harold J Magnuson, and Ralph 

Fleischman {introduced by E K Marshall), 
Venereal Disease Research laboratory of the 
U S Public Health Sen ice, Johns Hophns 
Hospital 

2,3 dithiolpropanol (“Bal”) as a specific de 
toxify ing agent for arsenic 

12 James L Morrison, Emory Unnersity School 

of Medicine 

Toxicity of certain balogcnatcd aliphatic acids 
for mice 

13 H B Haag, J H R calherby, Dons Fordham, 

and P S Larson, Medical College of Virginia 
The effect on nits of daily -life span exposure tc 
cigaret smoke 

DISCUSSION ON THE TEACHING OF 
PHARMACOLOGY 

Benedict E Abreu, Chairman 
Wednesday, 8 00 p vi 
Room 9 

PHARMACOLOGY A 

Thursday, 9 00 a m 
Room 9 

Antiseptics and Chemotherapy 

1 Andres Goth {introduced by Donald Slaughter), 

Southwcstcni Medical College 
The effect of cobalt on the antitubercular ac- 
tivity of aspergillic acid 

2 E L McCauley, B A Rubin, and N J Gia- 

comino {by invitation), Yale University 
School of Medicine 

A preliminary' survey of certain lactone anti- 
biotics 

3 Gordon K MoeandM H Seevers, University 

of Michigan 

Central impairment of sympathetic reflexes by 
plasmochin 

4 R S Teague and Mervin Perdue {by invita- 

tion), Medical College of Alabama 
The effect of anesthetics and cerebral vaso- 
dilating procedures on the penetration of 
sulfathiazole into the cerebro-spinal fimd 

5 Charles W Mushett and Harrison S Mart- 

land {introduced hy Hans Molitor), Merck 
Institute for Therapeutic Research and City 
Hospital of Newark 

Anatomic changes produced by streptothncin 



PROGRAM OF THIRTIETH ANNUAL MEETING 


33 


6 J T Ljtchfield, Jr , L Alonso, and L God- 

dard, Chemotherapy Hioision, Stamford Re- 
search Laboratories, American Cyanamtd 
Company 

Determination of minute quantities of sulfaml- 
aimde derivatives in biological samples 

7 Gladys A Emerson and D G Smith {inlro- 

ducedhy HansMolitor), MercL Inslttii(e/or 
Thera peulic Research 

A comparison of the effects of streptomycin in 
the nutntion of the rat and the mouse 

PHARMACOLOGY B 
Thursday, 9 00 am 
Committee Room 1 


Antispasmodics 

1 Bradford N Graver (by invitation), Patricia 

Seip (by invitation), Anne Cameron (by 
invitation), (introduced by 'FiedencLR Yonk- 
man), Ciba Pharmaceutical Products, Inc 
A simple method of recording uterine motility 
in vivo 

2 R A Woodbury, George P Child (by invita- 

tion), Richard Torpin (by invitation) , Walter 
Watson (by invitation), and Louise Jarboe 
(by invitation), Uniiersity of Georgia School 
of Medicine 

Electro uterography and the phj siology of 
the human uterus as related to dysmenor- 
rhea and metorrhagia 

3 George P Child (by invitation), R A Wood- 

bury, Richard Torpin (by invitation), Walter 
G Watson (by invitation) , and Louise Jarboe 
(by invitation), Unucrsiiy of Georgia School 
of Medicine 

The irritability of the human uterus as affected 
by various drugs 

4 Russell A Huggins (by invitation) and R A 

Woodbury, University of Georgia School of 
Medicine 

Evaluation of utenne antispasmodics 

5 T J Becker, Estelle Ananenho (by inritafion), 

GwendoljTi Glenwood (by invitation), and 
L C Miller, Winthrop Chemical Co , Inc 
The antispasmodio activity of substituted 
phenyl propyl piperidines 

6 K G Wakim, Clarence E Povrell (by invita 

tion), and K K Chen, Indiana Univer- 
sity Medical Center and Lilly Research 
Laboratories 

Effects of B dimothylaminocthyl bonzilate 
HCl on intestinal actlvlt^ 

7 G L Cantoni and G Eastman (by imitation), 

Ixmg Island College of Medicine and New 
) ork Unncrsity College of Medicine 
On the specificity of histamine and on the r61c 
of potassium in a loss of contractility of the 
intestinal smooth muscle of the guinea pig 


8 Clara Torda and Harold G Wolff, New York 
Hospital and the Departments of Medicine 
(Neurology) and Psychiatry, Cornell Uni- 
versity Medical College 

Studies on myasthenia gravis apparent 
“curare-Iike” effect of compounds that de- 
crease acetylchohne synthesis 

PHARMACOLOGY C 
Thursday, 9 00 a m 
Committee Room 2 

Metabolism and Drugs 

1 Dorothy Fulghum (by invitation), Dorothy 

Fitzwater (by invitation), and O S Gibbs, 
Memphis 

The effect of \anthines and pituitrin on vrater 
loss 

2 O S Gibbs and Dorothy Fulghum (by invita- 

tion), Memphis 

The diuretic antidiuretic actions of posterior 
pituitary and sodium chloride 

3 Frederick Bernheim (with the techmeal 

assistance of Helen R Field), Duke Medical 
School 

The effect of raethy 1 \anthines on urea excre- 
tion in rabbits 

4 Herbert Tabor (by invitation) and Sanford 

M Rosenthal, Dnision of Physiology, 
National Institute of Health 
Depression of metabolism and temperature 
in traumatic shock as CMdence of a toxic 
factor 

5 Frederick Sperling (by invitation), Georgetown 

University School of Medicine 
Detection of oxidation-reduction by alkaline 
solutions of methylene blue and orcein 

6 A J Lehman, University of North Carolina 

Medical School 

The effect of insulin, insulin-dextrose, and 
water diuresis on the metabolism of iso- 
propvl alcohol 

7 Edward Larson, Temple Unncrsity School of 

Medicine 

The effect of pentobarbital sodium, enpal 
sodium and demerol on the action of insulin 

8 R Lorimcr Grant (introduced by John H 

Drnizc), Food and Drug Administration, 
Federal Security Agency 
Loss of potency of commercial insulin stored 
at room temperature 

9 William M Goner, Mary E Grclis, Aaora! 

Ynnz, and Karl H Beyer, Medical Research 
Division, Sharp and Dohmc, Inc 
The oxidation of ty ramine in iitro 
10 Jean K Fellows (by incitation) and F P 
Luduciia, Stanford University School of 
Medicine 

Glucuronic acid excretion after vanous 
gh cols 
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PHARMACOLOGICAL SOCIETY BUSINESS 
MEETING 

Thursday, 11 00 a m 

Room 9 


JOINT SESSION OF THE PHARMACOLOGY 
AND BIOCHEMICAL SOCIETIES ON 
diisopropyl FLUOROPHOSPIIATE 

(DFP) 

Thursday, 2 00 p m 
Balltioom 

1 Oscar Bodanskj and Abraham Ma 7 ur, Bto- 

chcimslry Scchon, Medical Dnwwn, Chemi- 
cal Warfare Service, Edgcuood Arsenal 
The mechanism of in vilro and m vivo inhibi- 
tion of chohncsteraso activ it j by diisonropyl 
lluorophosphate (DFP) 

2 Abraham Mazur, Biochemistry Section, Medical 

Division, Chemical Warfare Sen ice. Edge- 
wood Arsenal 

An enzyme in the animal organism capable of 

lluorophosphate 

3 G^rge B Koellc {by invitation) and Alfred 

Gilman, Pharmacology Section, Medical 
Division, Chemical Warfare Service, Edge- 
wood Arsenal 

The chrome toMcitj of dnsopropjl fluoro- 
phosphate (DFP) m dogs, monkeys and 
rats 

4 Walter F Riker and William C Wescoe (intro- 

duced by McKeen Cattell), Cornell Uni- 
versity Medical College 
Comparative studies on the nicotinic action of 
Qiisopropyl fluorophosphato (DFP) 

5 Ri^olph Koster {introduced by McKeen 

Cattell), Cornell University Medical College 
ihe synergistic and antagomstic effects of 
diisopropyl fluorophosphate (DFP) and 
physostigmine in the cat 

6 M A RothenbergandD Nachmansohn (intro- 

uce 1 / H T Clarke), Departments of 
Neurology and Biochemistry, College of 
i’hysicians and Surgeons, Columbia Uni- 
versity 

On the permeability of the nerve axon to 
diisopropyl fluorophosphate (DFP) 

Predmek Crescitelli {by invitation), George 
B Koelle {by invitation), and Alfred Gilman, 
Pharmacology Section, Medical Division 
Chemical Warfare Service, Edgewood 
Arsenal 

Nerve conduction in absence of cholinesterase 
activity induced by dusopropyl fluoro- 
phosphate (DFP) 


8 A McGchco Hanej, Benjamin F Jones, 
Samuel Talbot, and David Grob {introduced 
by Oscar Bodanskj), The Johns Ilophns 
Medical School 

The effect of diisopropyl fluorophosphate 
(DIP) on neuromuscular transmission in 
normal individuals and in patients with 
mjastlioiiia gravis 

fl J II Comroo, Jr , J Todd {by mutation), 
George Gammon {by invitation), George 
Koellc {by mutation), and Alfred Gilman, 
Uniurnty of Prnnn/hanta Medical School 
and Pharmacology Srrlton, Medical Division, 

^ ^ Chemical B urfare Sen ice, Edgeuood Arsenal 
Ihe effect of diisoproiijl fluorophosphate 
(DI.i>) on normal men and patients with 
mvastlicnia gravis 

10 I H Leopold ((;i/imi/otjon) and J H Comroe, 
Jr , hniversity of Pennsylvania Medical 
School 

The effect of diisopropjl fluorophosphate 
(DIP) on the normal and glaucomatous 
eve 

PHARMACOLOGY A 
Friday, 9 00 a m 
Room 9 

Chemotherapj, Malaria end Bacterial Infections 

1 H J YYliitc, M E Lee, E R Jackson, A T 

Himes, and C Alverson {introduced by 
J T Ditchfield, Jr ), Chemotherapy Division, 
Stamford Research Laboratories, American 
Cyanamid Company 

Pantoj Itauramides ns antibacterial chemo- 
therapeutic agents 

2 M I Smith, YVm T McCIosky, and E W 

Emmart {by invitation). Division of Physiol- 
ogy. National Institute of Health 
The influence of streptomycin and promin on 
the proliferation of tubercle bacilli in the 
tissues of the albino rat 

3 Gladys A Emerson and Eder Lindsaj Hansen 

{introduced by Hamilton H Anderson), 
University of California Medical School 
Growth requirements of Endamcba histolytica 

4 Rachael K Reed, Josephine Mar, and Hamilton 

H Anderson, University of California 
Medical School 

Comparative toxicitj and efficacy of “urea 
stibamines” in experimental leishmaniasis 

5 Harry A Feldman, Henry Packer {by invita- 

tion), Franklin D Murphy {by invitation), 
and Robert Briggs Watson {by invitation), 
University of Tennessee College of Medicine 
and Safety Department, Tennessee Valley 
Authority 

Pamaquine naphthoate as a prophylactic for 
malarial infections {Immunol ) 
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6 F E Kelsey, Frances K Oldham, and A L 

Gitlelson, Umversily of Chicago 
Studies on antimalanal drugs curative effect 
of plasmoquin in Plasmodium lophurae 
infections 

7 Harry A Walker {by imitatton) Leslie A 

Sfauber (by invitation), and Arthur P 
Richardson, The Squibb Institute for Medical 
Research 

Pamaquine naphthoate, quinacnne hydro- 
chlonde, and quimne bisulfate as curative 
agents in Plasmodium cathcmerium infec- 
tions of the duck 

8 Arthur P Richardson, R I Heivitt (by invita- 

tion), L D Seager, M M Brooke (by in- 
vitation), F Marlin, and H Maddux (by 
invitation). University of Tennessee and 
The Squibb Institute for Medical Research 
Chemotherapy of Plasmodium knowlcsi infec- 
tions in macaca mulaita monkeys 

9 Air S Alving, Lillian Eichelberger, Branch 

Craige, Jr (by invitation), Ralph Jones, Jr 
(by invitation), Theodore Pullman (by 
invitation), C Merrill Whorton, The Malarial 
Research Unit, The University of Chicago 
Department of Medicine 
A comparison of the climcal antimalanal 
properties and toucity of several 8 aimno 
quinolines using plasmochin as a standard of 
reference (Physiol ) 

10 Branch Craige, Jr (by invitation), Ralph 

Jones, Jr (by invitation), Theodore Pullman 
(by invitation), C Merrill Whorton (by 
invitation), Lillian Eichelberger, and Alf S 
Airing, The Malarial Research Unit, Uni- 
versity of Chicago Department of Medicine 
Clinical standardization of the antimalanal 
properties and the toxicity of plasmochin 
administered alone and concurrently with 
quinine (Physiol ) 

11 Richard J Porter (by invitation) and John 

W Bean, University of Michigan 
Ad\ erso influence of increased o\j gen pressure 
on malarial parasites in vitro and in 
Mvo (Physiol) 

12 Clyde Brooks, Essex College of Medicine and 

Surgery 

Chemotherapy of tuberculosis I thymol in 
experimental tuberculosis in the guinea 
pig 

PHARMACOLOGY B 
Friday, 91)0 am 
CoMMiTTFC Room 1 

Cardiac and Related Drugs 
1 James A Richardson (by invitation) and 
R P Walton, Ifcdicol College of South 
Carolina 


Absence of sigmficant changes m blood coagu- 
lability during digitalization 

2 G Maresh and A Farah (introduced by 0 

Bjrayer), H an ard Medical School 
Toxicity ratios of some cardiac glycosides as 
influenced by the expenmental time 

3 A Farah (by inatta(ion) and O Ktbjot, Harvard 

Medical School 

The action of dimethy lamino ethanol upon 
the heart-lung preparation of the dog 

4 Helen J Danow (by invitation), Donald R 

Mathieson (by invitation), Harry W Hays 
(by invitation) (introduced by E Oppen- 
heimer), Ciba Pharmaceutical Products, 
Inc 

Comparison of a chenucal and a biological 
method for the assay of a punfied digitalis 
preparation 

5 William T Salter and Waller F KTiite (by 

intiifafion), Vale University School of 
Medicine 

The response of “fatigued” myocardium to 
knouTi concentrations of a cardiac gly coside 

6 Stephen Krop and Wallace F White (by in- 

vitation), Yale University School of Medicine 
The effect of coumingine on the contractile 
force of isolated mammalian cardiac muscle 

7 Graham Chen, E M K Geiling,and J Reilly, 

The Uniiersity of Chicago 
Electrocardiographic changes of rats, dogs 
and monkeys receiving toxic doses of plas- 
mochin and the acid-labile phosphate 
content of the rat’s my ocardium 

8 0S Orth and Roland R Liebenow (by in 

vitation). University of Wisconsin Medical 
School 

The mechamsm of action of chloroform on the 
heart 

OKI Melville, McGill University 

The protectue action of atabrinc against 
chloroform adrenaline ventricular fibnl- 
lation 

10 Harry Gold, Walter Modell, Harold L Otto 

(by invitation), and Lawrence W Hanlon 
(by mutation) (vnth the techmeal assistance 
of Jenny Oppenheim, by invitation), Cornell 
University Medical College and Cardiac 
services of the Beth Israel Hospital and 
Hospital for Joint Diseases 
Comparison of cinchona alkaloids on the circus 
rate of the auncle in patients with auricular 
fibrillation 

11 Walter Mode!!, Harry Gold, and Donald A 

Clarke (by imitation), Cornell Uniiersity 
Medical College and Cardiac Services of ike 
Beth Israel Hospital and Hospital for 
Joint Diseases 

Dosage-response to mercuhydrin in patients 
with heart failure 
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PHARMACOLOGY C 
Friday, 9 00 a vi 
CoMMiTTi I Room 2 

Sjmpathctic and Related Drugs 

1 Raymond P Ahlquist and R A Woodbury, 

University of Georgia School of Medicine 
The influence of benryl-imidaroline (priscol) 
on sj inpathomiinctic vasoconstrictors and 
vasodilators 

2 Amedeo S Marram and Rose N Marram, 

Wayne University College of Medicine 
Inhibitory potency’ of sy nipathoniirnctic 
amines and their ganglionic inhibitory 
action 

3 Fred W Ellis and James P Ncusome (by 

invitation), University of North Carolina 
The effect of certain nci\ antihistamine drugs 
on bronchial spasm 

4 T R Sherrod, H F Schlocmer, and E R 

Loew (introduced by C C Pfeiffer), Unt~ 
versily of Illinois College of Medicine 
Pharmacological studies on anti -histamine 
compounds 

6 E R Loew, Margaret E Kaiser, and Mona 

Anderson (introduced by Carl C Pfeiffer), 
University of Illinois College of Medicine 
and Parke, Davis and Company 
The anti - histamine and atropine - like 
properties of quaternary’ ammonium deriva- 
tives of benadryl 

G W A Selle, University of Texas Medical 
School 

Beta dimethylamino-ethyl benzhydryl ether 
hydro-chloride as an antihistamine and 
anti-anaphylactic agent (Physiol ) 

7 Irvine H Page and Arda Alden Green (by 

invitation). Research Division of the Cleve- 
land Clinic Foundation 

The vascular action of B-dimethylaminoethyl 
benzhydryl ether-hydrochloride (benadryl) 
(Physiol ) 

8 Mark Nickerson (by invitation) and Louis S 

Goodman, University of Utah School of 
Medicine 

Physiological properties of a new series of 
sympatholytic agents 

9 Frederick F Yonkman, Dorothy Chess (by 

invitation), Harry W Hays (by invitation), 
Barbara Rennick (py invitation), and Rudolf 
Mayer (by invitation), Ciba Pharmaceutical 
Products, Inc 

Adrenergic potentiation by pyribenzamine 
HCl (N'-pyridyl-N'-benzyl-N-dimethyl- 
ethylenediaimne HCl) 

10 George F Koepf, Carl E Arbesman (by invita- 
tion), and Alfred Lenzner (by invitation), 


Umvrrsrty of Buffalo and the Buffalo 
General Hospital 

Evidence of a synergism betneen pyrihenz- 
aminc IICI and sympathctieo mimetic drugs 
in humans (Phyiiol ) 

USA Pereira (fiyini’Rnboa) and G H Acheson, 
Harvard Medical School 
Art ion of letratthyl ammonium bromide on 
the siijienor conical ganglion 
12 G H Acheson and S A PcTCira (by invitation), 
Harvard Medical School 
Action of tetraethyl ammonium bromide on 
the niammalian neuromuscular system 

PAPERS READ BY TITLE 


PHARMACOLOGY 

1 Robert C Anderson (by invitation) and K K 

Chen, Lilly Research Laboratories 
The action of fumanaccous alkaloids 

2 T C Barnes and R Beutner, Hahnemann 

Medical College and Hospital of Philadelphia 
Mechanism of action of calcium on the nerv ous 
system 

3 Robert W Berliner (introduced by James A 

Shannon), Third Medical Division, Gold- 
water Memorial Hospital, and New Yorl 
University College of Medicine 
In vitro development of P falciparum gameto- 
cy tes 

4 Robert W Berliner (introduced by Janies A 

Shannon), Third Medical Division, Gold- 
watcr Memorial Hospital, and New York 
University College of Medicine 
The in vitro assay of suppressive antimalarial 
activity P falciparum 

5 Robert W Berliner (introduced by James A 

Shannon), Frederick S Bigelow (by invita- 
tion), Thomas J Kennedy, Jr , Third Medi- 
cal Division, Goldwatcr Memorial Hospital, 
and Neiv York University College of Medicine 
Concentration technique for detection of 
trophozoites of human malaria 

6 Robert W Berliner (by invitation), John V 

Taggart (by invitation), Charles G Zubrod 
(by invitation) , William J Welch (by invita- 
tion), David P Earle, Jr (by invitation), 
and James A Shannon, Third Medical 
Division, Goldwatcr Memorial Hospital, and 
New York University College of Medicine 
Pamaquin 1 Curative antimalarial activity 
in viva\ malaria 

7 R Beutner, Hahnemann Medical College 
The cardiac toxicity of injectable local 

anesthetics 

8 R Beutner and W C Dietrich (by invitation), 

Hahnemann Medical College 
The blood pressure lowering effect of loca 
anesthetics used for injection 
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9 R BeutnerandW C Dieinch {by tnmtalton), 

Hahnemann Medical College and Hospital 
of Philadeljhia 

The least irritant of the commonly used topical 
anesthetics 

10 Graham Chen and E M K Geihng, The 

University of Chicago 

The effect of thiamine-deficiency, quimdine, 
hyperthyroidism and hypothyroidism on the 
adenosine-triphosphate content and the 
adenosine-triphosphatase activit 3 of the 
heart muscle of rats 

11 Graham Chen and E M K Gelling, The 

University of Chicago 

The joint toMcitj of atabrine and quinine, 
atabrine and plasmochin, quinine and 
plasmochin 

12 Graham Chen, F Schueler and E M K 

Gelling, The University of Chicago 
The effect of adenosine triphosphate on the 
isolated heart 

13 K K Chen, Paul N Harris and Robert C 

Anderson {by invitation), Lilly Research 
Laboratories 

Antithyroid actmtj of 24 compounds 

14 John Emerson Davis, University of Arkansas 
The anemia produced bj paraphenylene- 

diamine in dogs 

16 W C Dietrich {by invitation) and R Beutner, 
The Hahnemann Medical College and Hos- 
pital oj Philadelphia 

Failure or o- or p-monomtrophenol to produce 
cataract 

16 David P Earle, Jr {by inuifafion), Peter 

Knowlton {by invitation) ,'Rohert\i’ Berliner 
{by invitation), John V Taggart {by invila 
(ton), Charles G Zubrod {by invitation), 
William J Welch {by invitation), and James 
A Shannon, Third Medical Division, Gold- 
ivalcr Memorial Hospital, and New 1 ork 
Unitcrsily College of hfcdicinc 
Pamaquin 3 Occurrence of hcmoljtic 
anemias 

17 Louts S Goodman, Enart A Swinyard {by 

invitation), and James E P Toman, Urn- 
icrsiiy of Utah Lchool of Medicine 
Studios on the anticonvulsant properties of 
diplienilhjdantoin 

18 Stephen Krop, ) ale Uniicrsity School of 

Medicine 

The effect of ncplircctomj on the “elimina 
tion” of ouabain bj the cat 

19 Stephen Krop, ) ale Unitcrsily School of 

Medicine 

The effect of succinate on pentobarbital 
toMcitj and narcosis in the cat 

20 Mark Nickerson {by ini ilation), George Noma- 

guchi {by tni Italian), and Louis S Goodman, 
Uniicrsity of Utah School of Medicine 


Relation of structure to activiti in a new series 
of sympatholytic agents 

21 Mark Nickerson and Scott M Smith {by 

invitation) and Louis S Goodman, Uni- 
versity of Utah School of Skedicine 
The prevention of epinephrine cyclopropane 
cardiac irregularities in dogs nith dibenzjl- 
B chloroethyl amine 

22 Mark Nickerson, Thomas Burns, and Arnold 

M Cooper (introduced 6i/ Louis S Goodman), 
University of Utah School of Medicine 
Effect of anti reticular cjTotoMc serum 
(ACS) on the healing of experimental 
uounds in rats 

23 O S Orth, University of B isconsin Medical 

School 

Studies of the sympathicolvtic drug di- 
hydrovjergotamine (D H E 45) 

24 Charles C Scott and K K Chen, Lilly Research 

Laboratories 

Insulin resistance in on Is 

25 Donald Slaughter, Jabez Galt and Jane C 

Neff, Southwestern Medical College 
Studies on bromaspinn 

26 M I Smith, E L Jackson {by invitation) and 

W^m T McCIosky, Division of Physiology, 
National Institute of Health 
Further observations on the action of sulfones 
in experimental tuberculosis, chemical con- 
stitution and chemotherapeutic action 

27 Paul K Smith and Helen L Gleason, Depart- 
^ went of Pharmacology and Biochemistry, 

Randolph Field AAF School of Aviation 
Medicine 

Determination of salicylate fractions in urine 
following the administration of salicylates 

28 Euart A Swinyard {by inintation) and Louis 

S Goodman, University of Utah School 
of iMcdtctnc 

Laboratory assay of anticonvulsant potency 
of some hvdantomates 

29 John V Taggart (introduced by James A 

Shannon), Third Medical Division, Gold- 
uatcr Memorial Hospital, and New fork 
Unnersity College of Medicine 
The physiological disposition of a senes of 
9 amino acndincs 

30 John V Taggart (by tnitlahon), Robert W 

Berliner (ti/ tnti(a(ion), Charles G Zubrod 
(by invitation), Billiam J Belch (by invita- 
tion), David P Earle, Jr {by imitalwn), 
and James A Shannon, Third Medical 
Dnision, Goldwalcr Memorial Hospital, 
and Lew I or/ Lnivcrsity College of Medicine 
Pamaquin 2 Suppressive antimalanal 
activity in vivav and falciparum malaria 

31 James E P Toman, Louis S Goodman and 

Ewart A Swinyard (by imitation), Vnivcr 
sity of Utah School of Medicine 
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Observations on the central excitatory effects 
of metrazol 

32 H B van Dyke and Alfred Gellhorn (6y in- 

vilaUon), College of Physteta7isandSurgco7ts, 
Columbia University 

Chemotherapeutic studies in cxiicriincntal 
leishmaniasis 

33 William J Welch, Peter Knoi\lton, Frederick 

S Bigelon, Eli Bauman, and Robert W 
Berliner (inlrodiieed by James A Shannon), 
Third Medieal Division, Goldualer Memorial 
Hospital, and New 1 orK Uiiitersity College 
of Medicine 

The incidence of convulsions in general 
paretics receiving quinacnnc 

34 Abraham Wiklcr, Research Department, U S 

Public Health Service Hospital 
Effects of a cycle of morphine addiction on 
conditioned responses and experimental 
neuroses in dogs 

35 Frederick F Yonkman, Harry Hays {by 

invitation), Anne Cameron {by invitation), 
Elizabeth Pellett {by invitation), and Nicoline 
Hansen {by invitation) , Ciba Pharmaceutical 
Products, Inc 

Cholinergic action of the anti-sympathctic 
agent priscol (benzylimidazolinc HCl) 

36 Charles G Zubrod {by invitation), Peter 

Knowlton {by invitation), William J Welch 
{by invitation) , Robert W Berliner {by in- 
vitation), John V Taggart {by invitation), 
David P Earle, Jr {by invitation), and 
James A Shannon, Third Medical Divisio^, 
Goldwater Memorial Hospital, and New 
York University College of Medicine 
Pamaquin 4 Occurrence of leucopcnia 

PATHOLOGY 

Tuesday, 9 00 am 
Room 17 


Neoplasms 

1 Leroy U Gardner and H F Heslington {by 

invitation). The Saranac Laboratory for the 
Study of Tuberculosis 

Osteo-sarcoma from intravenous beryllium 
compounds in rabbits 

2 Floyd DeEds and Robert H Wilson, Phar- 

macology Division, Bureau of Agricultural 
and Industrial Chemistry, U S Department 
of Agriculture 

The carcinogemc activity of 2-acetamino- 
fluorene effects of concentration and dura- 
tion of exposure {Pharm ) 

3 Robert H Wilson and Floyd DeEds, Phar- 

macology Division, Bureau of Agricultural 


and Industrial Chemistry, U S Department 
of Agriculture 

The carcinogenic acluity of various fluorcnc 
derivatives {Pharm ) 

4 George R Sharplcss, Department of Labora 
tones, Henry Ford Hospital, Detroit 
TJie tffetls of copper on liver tumor induction 
by’ J) dimothylaininoazobonzene {Nulr) 

6 C W Sheppard {by imitation) and P F 

Hahn, Vanderbilt University, Lashville 
Studies of radioactive methods of the distribu- 
tion, retention and excretion of colloidal 
Iinrlieles administered intravenously in 
humans 

G Paul r Hahn and C W Sheppard {by invita- 
tion), 1 andcrbilt Uniicrsitu, Nashville 
Tiie sclecliv'c radiation of ‘sprcific tissues and 
viscera by means of radioactive isotopes 

7 ^tnrner F Sheldon {by invitation) and Dale 

R Conian, hnivcrsity of Pennsylvania 
The significance of hyperemia around tumor 
implants 

8 Lyle V Beck, Hahnemann Medical College, 

Philadelphia 

The Shear tumor necrotizing bacterial poly- 
saccharide as a pyrogen {Physiol ) 

PATHOLOGY 

Tuesday, 2 00 p m 
Room 17 

Injury and Repair, Viruses 

1 H F >Blum and W S Terus {by invitation), 

Naval Medical Research Institute, Belhesda 
Inhibition of erythema of sunburn by large 
doses of ultraviolet radiation {Physiol ) 

2 Hiram E Essex and Alfonso Grafia {by invita- 

tion), Mayo Foundation, Rochester, Minn 
A method of observing transient leucopema 
{Physiol ) 

3 Valy Menkin, E Ulled {by invitation) and 

E G Goodman {by invitation), Duke Uni- 
versity School of Medicine 
Effects of the leukocytosis-promoting factor 
of exudates on human beings 

4 Jacob Chandy and Jonathan E Rhoads {intro- 

duced by 1 B Ravdin), University of 
Pennsylvania 

Experimental studies on the mechamsm of 
the formation of intraperitoneal adhesions 

5 O M Gruhzit, Research Laboratories, Parke, 

Davis & Company 

Oxidized cellulose absorption and histo- 
pathology 

6 Glenn H Algire, National Cancer Institute, 

U S Public Health Service 
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Effect of a bacterial polj saccharide and of 
tourniquet shock on peripheral capillary 
circulation in unanesthetized mice 
7MB Andelman (by xnvilation), William I 
Fishbem (by tnmtalion) and Albert E Casey, 
Laboratories of Chicago Health Department 
and the Birmingham Baptist Hospitals 
Spinal fluid protein in the retrospective 
diagnosis of sub-clinical poliomyelitis 

8 Clayton G Loosli, University of Chicago and 

Commissions on Influenza and Air-bome 
Infections, Army Epidemiological Board, 
Office of Surgeon General, A U S 
The pathogenesis and pathology of experi- 
mental air-borne influenza A virus infection 
in mice 

9 r L 'Rig.hts (by invitation) , E B Jackson (6y 

invitation) and J E Smadel, Division of 
Virus and Bichettsial Diseases, Army 
Medical School, Washington 
Observations on Tjzzer’s disease of mice 

BUSINESS MEETING TO FOLLOW 
PAPER NO 9 

PATHOLOGY 

Wednesday, 9 00 am 

Room 17 


Hematolog}, Nutrition 

1 Beubonia Dubach (by invitation), Carl V 

Moore and Virginia Minnich (by invitation), 
Washington University, St Louis, hlo 
Studios on the rate and completeness mth 
ivhicli intravenously injected radioactive 
iron IS utilized 

2 L B Jaques, E Fidlar (by invitation), E T 

Feldsled (Iby invitation) and A G Mac- 
Donald (by invitation), Unncrsitij of Toronto 
and University of Manitoba 
Silicones and blood coagulation (Physiol ) 
I J R Carter (by iniiiation) and H P Smith, 
State Uniicrsity of loica and Columbia 
Uniicrsity 

The existence of xariations in the ease nilh 
nliich thrombin preparations maj be inacti- 
\ated bx antithrombin 

4 Nathan B Friedman and Kurt Lange (by 

imitation), irmy Institute of Pathology, 
n ashington, D C , H 1 Medical College, 
Floivcr and Fifth Aicnuc Hospitals, and the 
Metropolitan Hospital Bcscarch linit 
Tlie pathologj of experimental frostbite 

5 Hans Kaunitz (introduced by II P Smith), 

Columbia Uniicrsity 

Influence of single doses of alpha tocopherol 
on growth and testicular atrophj of rats 


6 Paul R Cannon, Robert W Wissler (by invita- 

tion), C Harold Steffee, Jr (by invitation), 
Robert L Straube (by invitation) and Lau- 
rence E Frazier (by invitation), University 
of Chicago 

The influence of the essential ammo acids 
upon appetite in protein-depleted adult 
white rats 

7 F S Robscheit-Robbins and L L Miller 

(Joy invitation). School of Medicine and 
Dentistry, University of Rochester 
Ammo acid utilization m simultaneous hypo- 
protememia and anemia Elimination of one 
essential from growth mixture (Rose) 

8 Jesse L Bollman and Eunice V Flock (by 

invitation), Mayo Foundation, Rochester, 
Minn 

Dietarj influence on phospholipid turnover 
in liver and plasma 

9 Louis D Greenberg (by invitation) and James 

F Rinehart, University of Calif ornt a Medical 
School 

Studies on pjndoxine deficiencj in rhesus 
monkeys 

PATHOLOGY 
Wednesday, S 00 p m 
Rooxr 17 

1 Thelma B Dunn and C Donald Larsen (by 

inv tation), Rational Cancer Institute, Bcth- 
esda, Md 

Hy alimzation of glomeruli produced in strain 
A mice by the administration of urethane 
(ethyl carbamate) 

2 Hans F Smetana, Columbia University 

The permeability of renal glomeruli for pro- 
teins in lower animals 

3 Arthur M Ginzler (introduced by Arnold R 

Rich), Chemical Warfare Scriice, Edgewood 
Arsenal, Maryland 

The effect of BAL therapy on the renal lesion 
in mercury poisoning 

4 Russell L Holman, University of North 

Carolina 

Prexention of experimental arterial lesions 
by cholesterol 

5 W C Hueper, H amcr Institute for Thera- 

peutic Research, New I or) 

Experimental jugular phlebitis 
0 DnrdJ MacNcal, AnncBleiins (6i/inntation), 
Alice E Slarkin (by mutation) and Helen 
Scanlon (6i/ imitation), iV ) Post Graduate 
Medical School and Hospital, Columbia 
Uniicrsilv 

Experimental non bactenal cardio xascular 
inflammation 

7 G R Mcnccly, Mildred Stahlman, F R 
McCrea L E Smith and H J Smith (intro- 
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duced by E W Goodpasture), Vanderbilt 
University, Nashville 

Ischemic and nnoxemic damage to mj'ocardml 
capillaries and its relation lo shock, angina 
pectoris and myocardial infarction 

8 David A Karnofskj {by invitation), Ir\ing 

Graef and Homer W Smith {by invitation), 
New York University College of Mcdieinc 
Studies on the mechanism of production of 
systemic lnJur^ bv di-b-chloroctlnlniethjl- 
aminc hj drochloride 

9 Irving Graef, David A Karnofskj {by invita- 

tion), Val B Jager {by invitation) and Homer 
W Smith {by invitation), A^ew 1 orL Uni- 
versity College of Medicine 
The clinical and pathologic cfTccts of the 
vesicant nitrogen and sulfur mustards 

10 Arild E Hansen and Hilda F Wiese {by 

invitation). University of Texas School of 
Medicine 

Tissue lipids in essential \aiithomatosis 

11 Stephen Maddock and Dorothv Jensen {by 

invitation). Surgical Research Laboratory, 
Boston City Hospital, Boston 
Liver function tests from a surgical point of 
view 

PATHOLOGY 

Wednesday, 9 00-12 00 a in — 2 00-5 00 p m 

JOINT MEETING WITH THE AMERICAN 
ASSOCIATION OF IMMUNOLOGISTS 

(See program of Immunology for details) 
PAPER READ BY TITLE 


PATHOLOGY 

Nellie Halliday {by invitation) and Charles Weiss, 
University of California, Mt Zion Hospital, 
San Francisco, Jewish Hospital, Philadelphia, 
Pa 

Effect of biotin and other B vitamins on 
proteinases 

NUTRITION 

Tuesday, 9 00 am 
Ballroom 


SYMPOSIUM ON APPLICATIONS OF THE 
NEWER KNOWLEDGE OF NUTRITION 
TO PRESENT-DAY PROBLEMS 

W C Rose, Chairman 

1 Frank G Boudreau, Chairman, Food and 
Nutrition Board 

The Food and Nutrition Board of the National 
Research Council A review of some of its 


accomplishments and a forecast of its 
future 

2 L A Majnard, Cornell Uintcrsity 
Intcrnalional food evaluation activities and 

problems 

3 W' E Krauss, Ohio Agricultural Experiment 

Station 

Nutritional aspects of the milk supply 

4 P C Jeans, University of Iowa 
Human dietarj allowances 

5 C A Elvehjcm, University of Wisconsin 
The sigriifKamc and limitation of food com- 
position tables 

NUTRITION 

Tuesday, 2 00 p m 
Room 10 


General 

1 David B Dill, Fatigue Laboratory, Harvard 

Uniicrsity, Boston, Mass 
Problems of world nutrition 

2 Ernest E Lockhart {by invitation), Francisco 

do P Miranda {by mutation), and Robert 
S Hams, AUitritional Biochemistry Labora- 
tories, Massachusetts Institute of Tech- 
nology, Cambridge, and National Institute 
of Ahitrition, Mexico 

The nutritional status of school children 
in Mcmco Citv 

3 Una L Robinson {introduced by Marianne 

Goettsch) and Ramdn Sutirez {introduced 
by Marianne Goettsch), Nutrition Research 
Laboratory , Department of Medicine, School 
of Tropical Medicine, San Juan, Puerto 
Rico 

Nutrition survey in Puerto Rico 

4 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayette- 
ville 

Nutritional improvement of cereal flours and 
cereal grains I 

5 David K Bosshardt (by inintation) and Richard 

H Barnes, Department of Biochemical 
Research, Sharp and Dohme, Inc , Glenolden, 
Pa 

Caloric intake and the utilization of dietary 
protein for grow'th 

6 Gladys Stevenson (by invitation). Pearl P 

Swanson, Wanda Willman (by invitation) 
and Miriam Brush (by invitation), The 
Nutrition Laboratory, The Foods and Nutri- 
tion Section, Iowa Agricultural Experiment 
Station, Ames 

Nitrogen metabolism as influenced by level 
of caloric intake, character of diet, and 
nutritional state of animal 
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7 Philip Handler (introduced by W J Dana), 

Dcparlmcnlof Biochemistry, Duke University 
School of Medicine, Durham, North Carolina 
The failure of akeletal calcification produced 
by high lactose diets and by simple caloric 
restriction 

8 James M Orten and Judith Mackey Keller 

(by invitation), Department of Physiological 
Chemistry, Wayne University College of 
Medicine, Detroit 

Dietary protein and porphyrin metabolism in 
the rat 

9 IVilliamJ Darby, Paul F Hahn (by tninfatton), 

Ruth C Steinkamp (by invitation), and 
Margaret M Kaser (by invitation). Depart- 
ments of Biochemistry and Medicine, School 
of Medicine, Vanderbilt University, Nash- 
ville, Tennessee 

Absorption of radioactive iron by school 
children 

10 T H Jukes, A C Dornhush (by xnmlaiion), 

and J J Oleson (by imitation), Lederlc 
Laboratories, Pearl River, New York 
Further observations on choline and related 
compounds in nutrition 

11 7 30 p m —Business meeting 

NUTRITION 
Wednesday, 9 00 am 
Room 10 


Vitamins 

1 Carl V Moore, Olga S Bierbaum (by intnfo 

tion), Robert W Heinle (by imitation), 
and Arnold D Welch, Schools of Medicine 
of Washington Uniicrsity, St Louis, and 
IVcsIcrn Reserve University, Cleveland, and 
their Associated Hospitals 
Studies of L easel factor (“fohe acid”) in 
macrocytic anemias 

2 Floyd S Daft and W H Sebrcll, Division of 

Physiology, National Institute of Health, 
Bethesda, Maryland 

An unidentified factor or factors effective in 
the troalmcnt of experimental blood djs 
crosias in rats 

3 Grace A Goldsmith, Department of Medicine, 

Tulanc University School of Medicine, New 
Orleans, Louisiana 

The effect of folic acid on the blood picture in 
human macrocj tic anemia 
j 4 Susan Govrer Smith, Department of Medicine, 
Duke University School of Medicine, Dur- 
ham, North Corolma 

Further studios on dogs mtli the progrcssixc 

narahsiB nhich responds to biotin 

r I , 


5 Gladys A Emerson and J C Keresztesy, 

Merck Institute for Therapeutic Research 
and the Research Laboratories of Merck 
and Co , Inc , Rahway, N J 
Biotin deficiency produced by the feeding of 
Alarfanil to rats 

6 D W Woolley, The Rod efeller Institute for 

Medical Research, New York 
Some relationships betvreen the nutritive 
properties and the streptogemn contents of 
proteins 

7 Jack M Cooperman (by inmtaiion), Keith 

B McCall (by invitation), W R Ruegamer 
(by invitation) and C A Elrehjem, Depart- 
ment of Biochemistry, University of IFis- 
constn, Madison 

Attempts to produce a niacin deficiency in 
the monkey 

8 L R Richardson and A G Hogan, Department 

of Agricultural Chemistry, University of 
Missouri, Columbia 

Diet of mother and hydrocephalus in infant 
rats 

9 Helen R Skeggs and Lemuel D Wright (intro- 

duced by Richard H Barnes), Nutnlwnal 
Laboratories, Department of Pharmacology, 
Medical Research Division, Sharp and 
Dohmc, Inc , Glcnolden, Pa 
Vitamin B complex studies with diets differing 
in the carbohydrate component 

10 James H Jones, Claire Foster (by invitation) 

and Werner Henle (by invitation), Depart- 
ments of Physiological Chemistry and Pedi- 
atries, UnivcTSily of Pennsylvania, amd 
Children’s Hospital of Philadelphia , Phila- 
delphia 

A study of the influence of various dietary 
deficiencies on the response of mice to the 
nrus of poliomyelitis 

11 Harry M Vars and Julius Schultz (by invita- 

tion), Harnson Department of Surgical 
Research, University of Pcnnsyhania, School 
of Medicine, Philadelphia 
Rcalimcntation gam of rats on protein fat 
diets as affected by xarious liver supple- 
ments 

NUTRITION 
Wednesday, S 00 pm 
Room 10 

Vitamins 

1 Helen Oldham (by invitation), Elizabeth 
Bounds (by tnctfafion) and Thelma Porter, 
Department of Home Economics, University 
of Chicago, Chicago, III 
Riboflavin excretions and test dose returns ot 
y oung women during penods of positiv e and 
negative nitrogen balances 
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2 Wilma Brewer {by mvilalwn), Thelma Porter, 

Ruth Ingalls {by invilalwn), Mane Dje and 
Margaret Ohlson, Dcparlmcnl of Fooch and 
Niilrtlton, School of Home Ecotionnct, 
Michigan Stale College, East Lansing 
Urinary excretion of riboflavin bj college 
V omen 

3 Charlotte Roderuck {by invitation), Harold H 

Williams and Icie G Macic, Ecscarch 
Laboratory, Children’s Fund of Michigan 
Utilization of thiamine and riboflavin b} 
lactating women 

4 Helen T Ness (fn/ nm/afion), I'ung H Fung 

{by invitation) and Helen T Parsons, Dc- 
parlmcnl of Home Economics, Uniicrsity of 
Wisconsin, Madison 

Further studies on the availubilitj to human 
subjects of thiamin from j casts 
SMC Kik, University of Arlansas, College of 
Agriculture, Fayetteville 
Thiamine in parboiled nee 

6 V P Sjdenstricker, W K Hall (Sj/i/iintation), 

C W Hock {by invitation) and A P Briggs 
{by invitation). Departments of Medicine 
and Biochemistry, University of Georgia 
School of Medicine, Augusta 
Corneal vascularization as a sign of dietarj 
deficiency in the rat 

7 P B Pearson and V H Melass (6»/ imutation), 

Texas Agricultural Experiment Station, Col- 
lege Station 

, The pantothemc acid content of tissues of the 
hen as influenced by diet 

8 P S Sarma {introduced by C A Elvehjem), 

Department of Biochemistry, University of 
Wisconsin, Madison 
Vitamin Ba bioassay 

9 Elizabeth C Callison {by invitation) and Elsa 

Orent Keiles, Bureau of Human Nutrition 
and Home Economics, U S D A , Belts- 
ville, Md 

The utilization of carotene from carrots by 
humans 

10 M Wight Taylor and Walter C Russell, De- 

partment of Agricultural Biochemistry, New 
Jersey Agricultural Experiment Station, 
Rutgers University, New Brunswick 
The provitamin A requirement of laying hens 

NUTRITION 

Thursday, 9 00 am 
Room 10 


Miscellaneous 

1 Elizabeth M Hewston {by invitation) and Elsa 
Orent Eeiles, Bureau of Human Nutrition 
and Home Economics, U S D A , Belts- 
ville, Md 


Ascorbic acid and dehydroascorbic acid in 
raw carrots as prejnred for tabic use 

2 Mary E Reid (jntrod»ccf/6i/ Helen T Parsons), 

Division of Phyiology, National Institute 
of Health, Bethesda, Md 
Metabolism of ascorbic acid by guinea pigs 

3 E W Crompton and Barbara W Burton {by 

invitation), Department of Nutrition, 
Macdonald College, McGill University, P 
Quebec, Canada 

TJic biologically determined \itamin C po- 
tency of orange juice 

4 Ross A Gortner, Jr {by invitation), J 

S Rcstnrski {by imitation) and C. M 
McCoy, Naval Medical Research Institute, 
Bethesda, Md 

Some clTccts of dietary oxalate on the teeth of 
white rats 

6 Arild E Hansen and Hilda F Wiese {by invi- 
tation). Department of Pediatrics, University 
of Texas School of Medicine, Galveston 
Tissue lipids in child with chylous ascites 
maintained on low fat diet 
G 10 00 am — Business meeting, Presentation 
of Awards 

PAPERS READ BY TITLE 


NUTRITION 

1 Leopold R Ccrecedo, Department of Bio- 

chemistry, Fordharn University, New 

York, N Y 

Relationship between protein intake and 
pyridoxinc deficiency in the rat Effect of 
supplementing a low -protein diet with 
methiomne 

2 Leopold R Cerecedo, Department of Bio- 

chemistry, Fordharn University, New 

York, N Y 

Strain differences in the resistance of rats to 
pyridoxine deficiency 

3 Leopold R Cerecedo, Joseph G. Sandza {by 

invitation) and Edward A White (by invita- 
tion), Department of Biochemistry, Fordharn 
University, New York, N Y 
Storage of pantothemc acid in the mouse 

4 Jerome W Conn, Margaret W Johnston and 

Laurence H Louis (by invitation). Nutrition 
Laboratory, University of Michigan Medical 
School, Ann Arbor 

Relationship between salt intake and sweat 
salt concentration under conditions of hard 
work in hurmd heat 

5 W J Dann, Department of Physiology, 

Duke University School of Medicine, 
Durham, N C 

Effect of excess mcotinamide on growth of the 
chicken 
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GW J Dann, Deparlment of Physiology, 
Duke Umverstly School of Medicine, 
Durham, N C 

The effect of corn grits on the mcottmc acid 
excretion of the rat 

7 M C Elk, TJmverstly of Arkansas, College of 

Agriculture, Fayellevtlle 
Thiamine in soaked rice 

8 Margaret W Johnston, Jerome W Conn, 

Laurence H Louis Q>y inviiahon) and Betty 
F Steele (hy invitation). Nutrition Labora- 
tory, University of Michigan Medical School, 
Ann Arbor 

Hand sweat values in the calculation of 
chloride and nitrogen balance under condi- 
tions of hard work in humid heat 

9 J F McClendon and Wm C Foster (by invi- 

tation), Hahnemann Medical College, Phila- 
delphia 

Gromng a diet deficient in certain elements by 
hydropomes 

10 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fay eite- 
iille 

Nutritional improvement of cereal flours and 
cereal grams II 

11 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayette- 
ville 

Nutritional improvement of cereal flours and 
cereal grains III 

12 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayette- 
ville 

Nutritional improvement of cereal flours and 
cereal grains IV 

13 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayclte- 
tille 

Nutritional improvement of cereal flours and 
cereal grains V 

14 Barnett Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayette- 
ville 

Nutritional improvement of cereal flours and 
cereal grains VI 

15 Barncll Sure, Department of Agricultural 

Chemistry, University of Arkansas, Fayette 
iiUc 

Nutritional improvement of cereal flours and 
cereal grains VII 

16 Edward A White (by mutation) and Leopold 

R Ccrcccdo, Department of Biochemistry, 
Fordham Uniicrsity, Ncic York, N Y 
Reproduction and lactation in mice on svn- 
thelic diets Nutritional effects of choline 

17 Agnes Fay Morgan, Mary Groody (by iniita- 

lion) and Helen E Axelrod (by invitation). 


Laboratory of Home Economics, University 
of California, Berleley 
Carbohydrate metabolism of riboflavm-de- 
ficient dogs 

18 Echo L Price (by invitation), Mona M 
Marquette (by inmtaiion) and Helen T 
Parsons, Department of Home Economics, 
University of TVtsconstn, Madison 
Availability to human subjects of nboflavin 
from J easts 

IMMUNOLOGY 
Tuesday, March IS, 1946 
First Session, 9 IS am (promptly) 

(See Bulletin Board for location) 

1 Jacques J Bronfenbrenner 

Presidential address The nature and mode 
of action of bacteriophage 

2 James A Harrison 

The r6!e of selection in antigemc vanation of 
blood parasites 

3 Gregory Schwartzman 

Metabolic requirements of gram negative 
bacilli determining resistance to pemcilhn 

4 R F Parker 

Pemcilhn sensitivitj of staphylococcus in 
vitro tests 

5 Catherine E Wilson, Anne F Byme and 

Carolyn W Hammond (by invitation) and 
Eleanor A Bliss 

Effect of various routes of adrmmstration of 
pemcilhn upon experimental lobar pneu- 
monia in rats 

6 Geoffrey Rake and (by invitation) Dorothy 

Hamre 

The activity of some antibiotics and sulfon- 
amides in vitro and in vnvo upon the agents 
of lymphogranuloma venereum and feline 
pneumonitis 

7 Jules Freund and (by invitation), K J 

Thomson and H P Sommer 
Immunization against malaria in expenmental 
animals 

8 Ulrich Friedemann (by invitation), A Hollan- 

der and r B Trnub 

Differences in the avuditics of tetanal toxins 
for nerve tissue 

9 Mary Hewitt Lorelcss 

Coexistence of two antibodies for crystalline 
insulin m human serum 

10 Charles \leiss (by invitation) and Nellie 

Halliday 

The behavior of cndoccllular proteolytic 
enzymes (cathepsins) in experimental tu- 
berculosis 

11 T B Thomas, P L Ewing and G A Emerson 

(by invitation) 
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Effects of a bone-marrow -spleen immune 
serum on cytology of the spleen potentiali- 
ties of a bioassay method 

12 G A Emerson,? L Ewing and T B Thomas 
Qjy invtlation) 

Effects of a bone-marrow -spleen immune 
serum on the blood pictures in mice 

Tuesday, March 12, 1940 
Second Scsswti, 2 00 p vi (promptly) 

(See Bulletin Board for location) 

1 Michael Heidelberger 

Antibodj formation in the immunisation of 
human beings 

2 W E Elrich, T N Harris and E Mertens (by 

invitation) 

The cellular sources of antibodies and other 
globulins 

SSL D’Albergo and W A SeWe (by intUalwn) 
On the membrane hypothesis of the antigen- 
antibody reaction 

4 Elvin A Kabat and (by invitation) Aaron 

Bendich and Ada E Bezer 
Immunochemical studies on blood group A 
substance from hog stomach 

5 Clara Nigg(6j/rnyi/atzon), Maurice R Hillcman 

and Bett> M Bowser 

The enhancement and properties of the com- 
plement-fixing antigens of Ijmphogranu- 
loma venereum 

6 G S Kirk, O O Stoland, C Doughtj and 

G Boone (by invitation) 

Blood studies in anaphylactic shock in dogs 

7 Noble P Sherw'ood (6i/ invitation), O O 

Stoland, J S Kirk and D J Temenberg 
Anaphylaxis XVI Studies on passive sensiti- 
zation of the dog 

8 Kenneth L Burdon 

Effect of antigen-antibody union in the cir- 
culating blood in production of anaphylactic 
reactions in passively sensitized rmce 

9 A W Bernheimer and G L Cantoni (by in- 

vitation) 

Induction in mice of increased resistance to a 
lethal toxin of hemolytic streptococcus 

10 Harry Plotz 

Allergemc and anaphylactogemc properties of 
vaccines prepared from embryonic tissues of 
developing chicks I Skin sensitivity follow^- 
ing the subcutaneous inoculation of 
typhus vaccines in humans 

11 E J Coulson and Henrj Stevens (by invi- 

tation) 

Allergemc and anaphylactogemc properties of 
vaccines prepared from embryomc tissues of 
developing chicks II Anaphylactogemc 
properties of typhus fever vaccines and 
equine encephalomyelitis vaccine 


12 Arthur Stull (by invitation) 

Allergenic and anaphylactogemc properties of 
vaccines prepared from embryonic tissues 
of developing chicks III A study to 
determine whether chick yolk sac vaccines 
contained sufficient egg proteins to cause 
severe systemic reactions if given to egg- 
sensitivc individuals 

JOINT SESSION AVITH THE AMERICAN 
SOCIETY FOR EXPERIMENTAL 
PATHOLOGY 

11 ednaday, March IS, 1940 
9 16 a m (promptly) 

Chairman, Wendell M Stanley 

1 Wendell M Stanley (by invitation) 

Studies on inffuenza virus and vaccines 

2 Thomas Francis, Jr 
Observations on influenza B in 1045 

3 Frank L Horsfall, Jr 
Viral pneumonia 

4 Saul Malkiel (introduced by Wendell M 

Stanley) 

The composition of specific precipitates from 
anti-tobacco mosaic sera 

5 SeyTnour S Cohen (introduced by W^endell 

M Stanley') 

Constitution of the rickcttsiae and soluble 
rickettsial antigen derived from the epi- 
demic typhus vaccine 

6 Joseph E Smadel (bi/imntation), J C Snyder, 

H L Hamilton, J P Fox and E B Jackson 
Chemotherapeutic effects of mtroakridin and 
rutenol on rickettsial infections in eggs and 
mice 

7 Herald R Cox (by invitation) 

Discussion 

JOINT SESSION WTTH THE AMERICAN 
SOCIETY FOR EXPERIMENTAL 
PATHOLOGY 

Wednesday, March 13, 1940 
2 00 p m (promptly) 

8 Peyton Rous 

Biological scope of a neoplastic virus (the 
shope papilloma virus) 

9 Joseph W Beard 

Characters of the rabbit papilloma virus 

10 Howard A Howe (by invitation) 

Chemical studies of cells made temporarily 

refractory to poliomyelitis virus 

11 Joseph L Melnick (introduced by John 

R Paul) 

The recovery of poliomyelitis virus from the 
stools of monkeys and chimpanzees experi- 
mentally infected by various routes 
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12 Alberts Sabin and R Walter Schlesinger 
Experimental studies on human and mouse 

adapted dengue virus 

13 W P Havens, Jr (introduced bp John R Paul) 
Viruses of infectious hepatitis and serum 

jaundice 

14 Robert G Green 

Cytotoxic properties of mouse-breast cancer 
antiserum 

PAPERS READ BY TITLE 


IMMUNOLOGY 

Reuben L Kahn (bp ininfation), Albert H Wheeler 
and Elizabeth B McDermott 
Hemoglobin precipitation mth tissue extract 
antigen 

J Schiller, Sally Cohn (hy tnviiatton) and Winifred 
Ashby 


Carbomc anhydrase content in the brain of rats 
with thiouracil-induced cretimsm 
Winifred Ashby (bp tnm(alton) and J Schiller 
Distnbution of carbomc anhydrase in the palbum 
of rhesus monkey and man as compared with 
that of lower mammals 

Cora M Downs (by tnvilalion), Lewis L Conell, 
Gifford B Pinchot, Edward Maumenee, Alice 
Klauber, L L Chapman and Barbara Owen 
The comparative susceptibihty of \ anous labora- 
tory ammals to B tularense 
P L Ewing and G A Emerson (bp tnvHahon) 
Effects of a bone-marrow-spleen immune serum 
on trypanosoma eqmperdum infection in mice 
Dorothy Hamre (bp tnvttation), Geoffrey Rake and 
(bp tnviiahon) Richard Dononck 
The bactericidal action of streptomycin 
Wolcott B Dunham (bp invilatwn) and Geoffrey 
Rake 

Action of chemotherapeutic agents on the or- 
ganism of granuloma inguinale 
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Studies on the corpus callosum and anterior 
commissure of monkeys Haklow W Ades and 
David L Eaab (by invitation) Emory Untv 
Section of the corpus callosum of monkeys has 
previously been reported to result in a failure of 
coordination of the two sides m motor activity 
This IS mamfest m postural rigidity, extreme hesi- 
tancy of reaction and relative immobihty The 
defects are more profound m the absence of area 4 
In either case, compensation is rapid, more so m 
the otherwise intact animal The rostral half of the 
callosum seems to be the only portion involved, 
smce the effects of total section are no greater than 
those of section of the rostral half 
Section of the anterior commissure of an other- 
wise mtact monkey has no perceptible effect on 
motor behavior However, m an a nimal lacking the 
callosum, but functionally recovered, anterior 
commissure section brings about a return of the 
callosal syndrome If, in addition, area 4 has been 
destroyed bilaterally, there is no appreciable 
recovery, although if the motor cortex is intact, 
compensation again takes place [Thts study has 
been supported tn part by a grant from the John 
and Mary Markle Foundatton ] 

Temperature gradients in men exposed to cold 
E F Adolph and (by invitation) G W Molnab 
Dept of Physiology, School of Medicine and Den- 
tistry, Unw of Rochester, Rochester, N Y Tem- 
perature differences between deep tissues and body 
surface are maintained even m the presence of 
largo heat flows How large may they steadily be 
in the cold? Men were exposed outdoors in shorts 
for penode of li to 4 hours Eectal temperatures 
never fell below 35 9°C Surface temperatures, 
read at ten points with unshielded thermojunc- 
tions, were nearly steady after i hours of exposure, 
their mean might fall to only 140°C when the air 
tempemturo was 1°C Foot temperatures were 
UBU^ly within 3 Centigrade degrees of the dry- 
bulb temperatures Gradients of 17 Centigrade 
degrees could exist in the trunk region 
The steep gradients wore maintained by the heat 
production of shivcnng, which sometimes was four 
to five times resting The rates of heat production, 
ns measured by oxygen consumptions in closed 
circuit, were roughly in\erso to air temperatures 
below 18°C or of mean surface temperatures below 
25'C About 8 Caloncs/hour were produced for 
each Centigrade degree added to the gradient In 
the first hour of exposure, heat was unstored in 
amounts, ns estimated roughly from tissue cooling. 


almost equal to the heat production Thereafter 
production was not further accelerated 

By the device of using its outer shell as insulation 
for the deep tissues, the human body maintains 
large temperature differences for as long a time as 
heat can be produced at fatiguing rates [IForA done 
under contract vnth the Office of Scientific Research 
and Development ] 

The ability of anaesthetized human subjects 
to breathe agamst continuous pressure Shannon 
C Allen and A P Gagge Aero Medical Ldby 
Air Technical Service Command, Wnghl Field, 
Dayton, Ohio The standardization of pressure 
breathing oxygen eqmpment for use in AAF air- 
craft at altitudes above 37,000 feet raised the ques- 
tion as to whether an unconscious man such as an 
aircrew member suffering from wounds would 
contmue to breathe against contmuous pressure 

As an approach to the problem one young husky 
volunteer subject and one elderly emaciated clim- 
cal patient were put under hght surgical anaes- 
thesm with sodium pentothal admimstered 
mtravenously Both subjects were able to breathe 
against eight inches contmuous water pressure 
without difficulty In the older subject both tidal 
air and minute volume were reduced to 65 per cent 
and 70 per cent, respectively, of control level 
despite an increase from 20 to 22 in respiratory rate 
In the younger subject both tidal air and minute 
volume were depressed at four and six inches but 
rose again to 83 and 100 per cent of control, re- 
spectively, at eight inches with respiratory rate 
increased from 20 to 24 In contrast in an unaes- 
tbctized control expenment the average of five 
subjects showed a continuous mcrease in both tidal 
air and minute volume and little change in heart 
rate 

Although the small number of subjects makes it 
unwise to draw conclusions as to the reaction of 
aircrews who are unconscious (from wounds or 
shock) it can bo said that it is unhkely that pres- 
sure breathing per sc will cause cessation of respira- 
tion in unconscious subjects 

Effect of destroying three localized temporal 
lobe areas on correct conditioned differential 
responses of the dog’s foreleg from genera! 
cutaneous stimuli Wiluam F Aujin Dept of 
Anatomy, Unit of Oregon Medical School, Port- 
land Dogs prenously operated fora sound problem 
and others n ere used The cortical areas eliminated 
were A, B and C (fig 1, Amer J Physio! Vol 

144) Two seta of general cutaneous analysers were 
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used In one set the back were stroked once per 
second with and against the grain and in the otlicr 
it was stroked with the gram, once and three times 
per second 

Results Destruction of areas A or B or both A 
and B caused little or no effect on the appearance 
of correct conditioned differential responses with 
either set of tests Deletion of areas B and C or A, 
B and C abolished for over 1100 tests the ability to 
make correct responses with both sets of tests 
Destruction of area C disrupted somewhere the 
usual mechanism for making these correct condi- 
tioned differential responses and it required bc\ cml 
hundred tests before new and un-crring circuits 
were established None of the bilateral lesions 
affected the positive conditioned reflexes and one 
side lesions produced no effect on cither set of 
tests 

With the general cutaneous tests, deletion of 
area C was equivalent to destruction of areas A 
and B with the previous auditory tests Total 
elimination of correct responses with general cuta- 
neous stimuli follow ed destruction of areas B and C, 
while like effects from auditorj stimuli required 
destruction of areas A, B and C Inability to make 
these correct responses after the lesions was charac- 
terized by failure to inhibit correctly, due pre- 
sumably to injury to the association circuits and/or 
the neighboring inhibitory bands 

A comparison of the clinical antimalarial prop- 
erties and toxicity of several 8-amino quinohncS 
using plasmochm as a standard of references 
Alf AiiVing, Lillian Eichelberger, (by invi- 
tation), Branch Craige, Jr (by invitation), 
Ralph Jones, Jr (by invitation), Theodore 
Pullman (by invitation) and C Merrill 
Whorton (by invitation) The Malarial Re- 
search Unit, Dept of Medicine, The Univ of 
Chicago A group of 8-amino quinolines w ith vary- 
ing Bustituents on the quinoline ring, and on the 

jh side chain m the 8-position, have been 
' ^ < systematically Prison inmate volunteers 
who have submitted to sporozoite-induced (Ches- 
son) vivax malana have served as subjects Using 
techniques previously standardized in a study of 
plasmochm and qmnme, it has been possible to 
assay the clinical antimalarial properties and the 
toxicity of these compounds quickly 

Compounds illustrating the usefulness of this 
“screemng” techmque will be discussed One of the 
compounds studied, SN 13,276, although consider- 
ably less toxic than plasmochm, possesses similar 
antimalarial properties [Work done under con- 
tract with the Office of Scientific Research and 
Development ] 

Clinical experience with hemoglobin-saline 
solutions William R Amberson, C Martin 
Rhode (by invitation) and Joye J Jennings 
(by invitation) Dept of Physiology, School of 
Medicine, Univ of Maryland, Baltimore, Md 


Hemoglobin rniline solutions (lib = 10 to 12 gm 
%) have been prepared which arc usually non- 
pj rogenic w hen injected intravenously into clinical 
cases Most patients exhibit a rise m blood pressure 
persisting for several hours, associated with brady- 
cardia In one case of hj’pertcnsion, however, 
blood pressure fell moderately after infusion 
Most patients ha\ c tolerated the solution w ell, with 
only occasional symptoms of distress 

In four cases of post-hcmorrhagic anemia definite 
hematoiioietic stimulation has been observed 
after administration of hcmoglobm-saline, with 
rcticulocytosis and increased hematocrit values 
Best results have been obtained by repeated injec- 
tions of small volumes (100 to 200 cc ) over a num- 
ber of days 

In one case of massive hemorrhage after child- 
birth infuBiDDB oi plasma and whole blood failed 
to raise blood pressure above shock lev els Adnunis- 
tration of hcmoglobm-salmc caused a rapid rise in 
blood pressure and return of consciousness within 
ten minutes A total of 2300 cc was given Shock 
did not recur Renal failure, however, developed, 
with uremia, death from heart block occurred on 
the ninth day 

In two other cases signs of renal impairment 
appeared after infusion of hemoglobin-saline, but 
function later returned to normal In all other cases 
urea clearance measurements gave no defimte 
evidence of renal impairment 

The series of 12 cases is not extensive enough 
to establish a therapeutic value for such solutions 
They do, however, present several favorable indi- 
cations which seem to justify further climcal tests 
with more carefully prepared solutions 

Studies on the perfusion of the isolated pan- 
creas factors influencing msulin production 
Eveltn Anderson, Joseph A Long (by invita- 
tion) AND Erna Lindner (by invitation) Inst 
of Experimental Biology and Division of Medicine, 
Univ of California, Berkeley and San Francisco 
(Read by title ) With the use of a small perfusion 
pump circulation was maintained in the isolated 
rat pancreas (including also the stomach, duo- 
denum and mesentery) for two hours Evidence of a 
living organ was demonstrated by its utilization 
of oxygen and glucose and by the stimulation of 
insulin production when the glucose in the blood 
perfusate was raised to 300 mg per cent The 
assay of insulin in the blood perfusate was done on 
demedullated, alloxan-treated, hypophysectomized 
rats Three cc of blood perfusate was injected 
intravenously and the change in blood sugar level 
observed during a 30 minute period 

Studies are being made to determine what condi- 
tions besides hyperglycemia will stimulate insulin 
production directly A purified growth hormone 
preparation added to the perfusate did not stimu- 
late the pancreas to produce insulin 

The activation of bacterial viruses by aromatic 
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ammo acids Thomas F Andekson (introduced 
by D W Bronk) Johnson Foundation, Untv of 
Pennsylvania, Philadelphia Five out of a set of 
seven bacterial viruses under study will attack 
their host, strain B of E colt, in a synthetic am- 
monium lactate medium The remaining two 
viruses in the synthetic medium show •j'sVf 
the activity they exhibit in Difco nutrient broth 
These viruses, T4 and T6, require at least 1 micro- 
gram of 1- tryptophane /cc , 100 nucrograms of 
(fZ-phenylalanine/cc , or 1000 nucrograms of l~ 
tyrosme/cc in the medium before they are fully 
active on the host Further experiments have 
shown that these viruses caimot attach themselves 
to the host’s cell wall without a suitable co-factor 
Once the virus is adsorbed on the host it is able 
to multiply and lyse the host cell even in the 
absence of a co-factor (Anderson, J Cell and 
Comp Physiol ) 

Recently it has been found that T4 and T6 
viruses are not activated by d-tryptopbane, but 
are activated by many synthetic aromatic dl a- 
amino acids 

The viruses, rather than the bacteria, are acti- 
vated by the co-factors, for on exposure to l- 
tryptop^ne they gam activity Also, after removal 
of the tryptophane, they lose activity at a meas- 
urable rate No effect of exposure of the host alone 
to f-tryptophane has been detected 

These results suggest that the co factors may 
alter the virus surfaces to make them conform to 
receptor spots on the host surface — or the co factors 
may even act as coenrymes, enabling the viruses 
to penetrate into the host when they encounter 
its cell wall 

Riboflavin metabolism after trauma and during 
convalescence in man W A Andheae (by in- 
vitation), Victor Schenker (by invitation) and 
J S L Browne McGill Univ Clinic, Royal 
Victoria Hospital, Montreal, Canada The 24-hour 
urinary excretion of riboflavin was followed in 23 
patients who had suffered fracture and burn in- 
junos and whose daily intake level of this vitamin 
was kept constant at 5 0 mg bj supplements of 
crjstallinc riboflavin Whereas about one half the 
ingested nboflavm was retained at this intake 
level in health, patients after acute injuries charac- 
tenstically showed a marked retention during the 
initial 3 to 5 days after injury This state was 
followed by a period of similar duration when there 
occurred an increased riboflavin loss as shown by 
the excretion rate After about ten da>s following 
the injury, the nboflavm balance returned to nor- 
mal This would suggest that the v itamin retained 
during the first period was not utilized or 
destrojed, but was stored in some wav and sub- 
scqucntlj released Observations made on these 
patients during convalescence demonstrated a 
retention of riboflavin coincident with a retention 
of nitrogen This correlation was statistieallj 


analyzed and found to be highly sigmficant so that 
for each gram of mtrogen retained, 0 30 mg of 
nboflavm was retained over and above the normal 
baseline 

The respiration of nerves and arteries of 
adrenalectomized rats Clifford A Angebeb 
Dept of Physiology, The Ohio State Univ , Colum- 
bus To date, 84 experiments have been performed 
on the sciatic nerves of rats An experiment repre- 
sents running samples from a tissue pool m tnpb- 
cate or quadruplicate This represents a study of 
slightly more than 350 rats (80-120 gms , males) 
In recording the Qoj values for the nerves by 
Fenn’s differential volumeters, the results show 
that there is no decrease m respiration of the sciatic 
nerves of adrenalectomized rats as compared with 
the controls There is a decrease of ca 29% in Qo, 
values of the descending aorta of adrenalectomized 
rata as compared vath the controls 

Human centrifuge operation E J Baldes and 
A N Porter (by invitation) Acceleration Idby , 
Mayo Aero Medical Unit, Rochester, Minn (Mo- 
tion picture) The motion picture illustrates the 
pnnciples and the mechamsm involved in the 
operation of the human centrifuge at the Accelera- 
tion Laboratory, Mayo Aero Medical Unit The 
centnfuge has two essential parts a superstructure 
or carnage and a pair of rotating flywheels The 
superstructure and the flywheels rotate in the 
honzontal plane about a common axis The fly- 
wheels are dnven by a Chrysler automobile motor 
powered by natural gas The rotating flywheels, 
which weigh approximatelj 20 tons apiece, provide 
the energy for the rapid development of accelera- 
tive forces m the superstructure The super- 
structure 18 set in motion by clutching to the fly- 
wheels and 18 brought to a standstill by declutching 
from the fljwheels and braking on a ngid founda- 
tion The speed of rotation of the superstructure is 
controlled by the clutch and the speed of the rotat- 
ing flywheels With this control the exact accelera- 
tion desired maj be delivered rapidlj or slowly for 
any required penod in the superstructure At one 
end of the superstructure is a gondola or cockpit so 
suspended that it swings outward when the centn- 
fuge 18 in motion and in which the subject or pilot 
may sit, stand or lie The other end of the super- 
structure IS dosed bj a solid partition, sufficient 
space being provuded for a vanetj of expenments 
under vanous accelerations [Il'or/ done under 
contracts vnth (t) United States Army Air Forces, 
Wnghl Field, Dayton, Ohio, and (S) the Office of 
Scicntijic Research and Dciclopmcnt, National 
Research Counal, H ashington, DC] 

The effect of the continnons administration 
of p-aminopropiophenone on the blood in man 
J H Bvnson, Jr , D J W Esairn and M 
BEVEL.v\DEn (Introduced bj Homer tV Smith) 
Dept of Physiology, Xcic Yorl Unir College of 
Medicine Oral administration of p aminopropio- 
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phenone at four-hour intervals for periods from 14 
to 30 days m doses of 0 7 to 1 0 mg /kg consis- 
tently produced methemoglobinemia of 5-25%, 
8-15% remaining after four hours 

Evidence of hemolysis was present during ten 
courses of administration in 6 subjects, as indicated 
by decrease of 0 5 million or greater in erythrocytes, 
0 5 gms or more in hemoglobin and low cring of the 
erythrocyte hematocrit by the 4th to Cth day of 
medication These changes progressed with total 
decrease of 2 6 million erythrocytes, 2 4-5 8 gms 
hemoglobin and 8 2-29% in erythrocyte hematocrit 
Reticulocyte increase occurred on the 6th to 8th 
day, risingtoama\imumof6 8 to 11 2%by thclTlh 
day 

That these alterations were primarily due to 
hemolysis was indicated by icterus of skin and 
conjunctiva, nso in scrum bilirubin of both in- 
direct and direct types by the 6th day, and a con- 
comitant increase of fecal and urinary urobilinogen 
Despite the withdrawal of large blood samples 
during drug administration and during control 
periods, return toward normal blood and serum 
values followed cessation of the drug 

A chemical relation between p-ammopropio- 
phenone and substances of general therapeutic 
use (sulfonamides, acetamlid, phcnylhydrazinc) 
calls attention to a possible relation in the mecha- 
nism of hemolysis 

Absence of dimtro-cresol effect in thiourncil> 
treated rats S B Barker, Dcpl of Physiology, 
State Univ of Iowa, Iowa City It has been shown 
that rats rendered hypothyroid by thiouracil 
feeding exhibit an essentially normal elevation of 
BMR following admimstration of desiccated thy- 
roid substance It was thought of interest to study 
the metabolic response of thiouracil-treated rats 
to dimtro-o-cresol as another stimulant of oxygen 
consumption 

As untreated controls, 12 male and 4 female rats 
gave an average increase of 37 5 cc Oj/lOO gm body 
wt /hr , or 37 9% over the basal rate of 98 9, 
immediately following the intraperitoneal injection 
of 10 mg of 3, 5 dinitro-o-cresol/kg body wt 

Ten male and 4 female rats treated with thiouracil 
for 79 to 105 days gave an average increase of 2 2 
cc Oj/100 gm /hr , or 2 6% over the basal of 85 1, 
following the same dose of dinitro-o-cresol 

The apparently normal response of thiouracil- 
treated rats to thyroid substance stands in con- 
trast to the greatly decreased response of these 
ammals to dinitro-o-cresol This result suggests 
that dimtro-1-cresol either operates through the 
thyroid gland or requires thyroid hormone for its 
extra-thyroid activity The wide disparity in time 
curves for the dimtro-o-cresol and thyroid effects 
on metabolic rate is contradictory to the first 
explanation 

A method of scoring a patient’s electroencephal- 


ogram in deep breathing giving a cerebral hyper- 
Tcntilntion index T C Barnes and M D 
Amoroso (by invitation) Dcpl of Physiology, 
Hahnemann Medical College and Hospital of 
Philadelphia (Read by title ) Previous reports 
(Barnes, Federation Proceedings 4 6, 1945 ) liave 
shown that abnormal waves appear in EEG in 
hyperventilation when the blood sugar is low, vital 
capacity adequate to produce acapnia, the pulse 
rises and vasoconstriction is sufficient to produce a 
fall in skin temperature of the hands We rate EEG 
in hyperventilation as follows A slight slowing of 
the waves rates —3 to —6 depending on the degree 
of abnormality Paroxismal delta rates —8 Spike- 
and-dome waves get —10 to —15 depending on time 
to appear and the duration of the burets Blood 
sugar above 130 rates —4 and below 130, -f-4 An 
adequate vital capacity rates +2 A moderate nse 
in pulse gets -|-2 and a rise of 25 beats or more rates 
-}-4 (due to vigorous effort and inactive para- 
sympathetic compensation described by Darrow) 
Good effort to ventilate rates +2 and moderate 
effort rates —2 Fall in skin temperature (Palm) 
rates -1-3 and rise —3 Physiological changes that 
produce abnormal waves in normals are rated plus 
and factors that protect EEG arc minus Un- 
changed vanables rate zero Average score was 
-f5 00 ±0 80 for 27 normal students and —4 58 
-pi 40 for 27 patients with history of seizures 
Worse possible score is —28 (one petit mal case 
rated —15) Highest possible score is -fl7 (one 
army medical student attained -1-15) 

It IS useless to take routine EEG without study 
of all related physiological xmnables of the orgamsm 
as aw hole Abnormal w aves in hj perventilation are 
due to destruction of acetylcholine by alkalosis 
We assume that brain potentials are phaseboundary 
potentials produced by acetylcholine (Barnes and 
Beutner J Exp Med Surg 3 325, 1945) 

The effect of healing agents on the wound po- 
tential of human skin T C Barnes Depts of 
Pharmacology and Physiology, Hahnemann Medi- 
cal College and Hospital of Philadelphia Measure- 
ment of the positive wound potential of experi- 
mental abrasions on the fingers provides objective 
criteria for healing rate (Barnes, Am J Surgery, 
69 82, 1945) Fractions of liver oil were found to 
give different healing indices Each fraction was 
equivalent to 10% crude oil in a lanolin-petrolatum 
base containing 1 0% yeast derivative and 1 
20,000 phenyl mercuric mtrate Sapomfiable oil 
gave healing index of 2 93 zt 0 16% wound potential 
lost per hour compared with 2 40 ± 0 18% for non- 
saponifiable (32 abrasions on alternate fingers) 
Crude oil gave healing index of 2 34 zt 0 18% com- 
pared with 2 13 zt 0 23% for petrolatum controls on 
alternate fingers of same hand The results indicate 
that liver oil preparations have definite healing 
action and that the sapomfiable fraction is best 
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The healing index for 1% chlorophyll (in sabne, 
petrolatum or synthetic phenolic resin) was 2 43 
± 0 37% compared with 1 13 db 0 27% for controls 
of -vehicles alone (40 lesions) 

Embryomc extract was -without healing action 
contrary results reported by Goldberg (Am Rev 
Soviet Med 2 225 1945) 50% macerated dog 
embryo in petrolatum -with 2% cUoretone and 
1 40,000 metaphen gave healmg index of 1 36 ± 
0 30% compared -with 1 94 rh 0 50% for vehicle 
controls (24 lesions) 

Recent results show that the index finger has the 
lowest potential and heals fastest, so ointments 
must be tried on different fingers A long salt 
bridge may be used to measure the potential of a 
wound on any part of the body We are now making 
a senes of abrasions along the arm but this skin 
heals more slowly than the fingers 
Electrical activity of acetylcholme compared 
with cholme, acetate, phosphate, potassium 
and other substances associated with nerve 
activity T C Babnes and R Beutner, Depls 
of Physiology and Pharmacology The Hahnemann 
Medical College and Hospital of Philadelphia 
(Read by title ) Acetylcholine is the only 
substance in nerve capable of producing the spike 
potential On an interface between 0 9% NaCl and 
mtrobenzene 0 2% KCl has no detectable electncal 
effect , 0 1% tetramcthylammonium iodide has no 
effect, but 0 1% acetylcholine establishes a poten- 
tial of 30 millivolts negative 0 2% choline chlonde 
produces 5 rmllivolts negative and 0 1% sodium 
acetate gives 7 millivolts positive The latter two 
potentials may be the negative and positive after- 
potentials which follow the spike in Imng nerve 
Recent work has linked acetylcholine metabolism 
with phosphorus compounds 0 05% dibasic sodium 
phosphate establishes a positive phase boundary 
potential of 7 millivolts on guaiacol which suggests 
that one of the two positive afterpotentials in 
nerve may be phosphate effects 

We have previously emphasized the importance 
of the type of oi! m the nerve membrane For 
example, triglycerides react like adrenergic nerves 
in that they establish potentials with sympathetic 
drugs but not with acety Icholme Another example 
IS tetramethylammomum iodide of which 0 1% 
giv cs no potential on nitrobenzene but 20 millivolts 
ncgativ ity on 5% cholesterol in guaiacol 

The oxpenments show that the old Bernstein 
theory of polarization by inorgamc ions such as K 
is untenable Acetylcholine is the nerve substance 
that gives negativity of sufficient magnitude There 
remains the possibility of small after potentials 
produced by other organic substances like phos- 
pliate (Aided hy a grant from the American Philo- 
sophical Soaely ) 

Bioclcetricnl studies of fatigue I Recovery 
of fatigued polarized muscle by reversal of the 


poles of the galvanic current T C Barnes and 
I Madeb (by invutation) Dept of Physiology, 
Hahnemann Medical College and Hospital of 
Philadelphia (Read by title ) A time-honored 
experiment (Biedermann, Electrophysiology 
1 292, 1896 Schaefer, Elektrophysiologie 1 70, 
1944) shows that an excised frog muscle stimulated 
by a senes of galvamc stimub becomes fatigued but 
on reversing the direction of the current recovery 
occurs— the Wendungseffekt of Schemmzky (Pflti- 
ger’s Arch 231 192, 1932 ) The results are so easily 
obtained that it makes a rebable experiment for the 
students’ laboratory We use Ag-Agd or Zn- 
ZnSOi boot electrodes, one dry cell and stimulation 
t-wice per sec -with current reversal every 20 secs 
Gastrocnemii are taken from frogs curanzed with 1 
mg of intocostnn It seems unbkely that it is 
possible to add anything new to this simple muscle 
experiment but most of our kymograph records 
show better recovery when the cathode is situated 
proximal to the anode (nearer the ongin of the 
muscle) This orientation may be related to the 
recent finding of Pollock (J Mt Sinai Hosp 
9 6SS, 1942 ) that the muscle becomes negative 
at the pro-xunal end when stimulated The greater 
response with proximal cathode cannot be explained 
by Biedermann’s claim that the thin end of a 
muscle (sartonus) mcreases current density 
The pinnate structure of the gastrocnemius 
(Bentoff, PflOger’s Arch 209 763, 1925) might 
account for the greater effect of proximal cathode 
with both electrodes near the insertion We are 
unable to explain why every second pole change 
gives better recovery with a transverse current 
(tips of boot electrodes on opposite sides of belly 
of muscle or AgCl wires placed along the entire 
length on each side) 

Biological studies of fatigue II Students’ 
electroencephalograms token at 8 AM and 5 
PM T C Babn-es and H Bbiegeb (by muta- 
tion) Departments of Physiology and Industrial 
Hygiene, Hachnemann Medical College and Hos- 
pital of Philadelphia (Read by title) Gruttner 
(Arch Psy chiat Nervenkr , 111 652, 1940) 

claimed that severe fatigue destroys the regular 
alpha rhvthm of EEG We found that the EEG 
of students taken before and after a routine dav of 
classes showed little evidence of fatigue Of 27 
students, 4 had no alpha at any time, 12 showed no 
change of alpha, in 4 alpha increased and only 7 
lost per cent time alpha dunng the day Statistical 
analysis bv Dr O W Richards, Amcncan Optical 
Co, revealed that the probability is only 0171 
or once in 4 sets of 23 students the distribution of 
7, 4, 12 would occur The mean per cent time alpha 
was 51 1 sb 3 90 in AM and 52A A: 2 70 in iKl 
White blood cell counts showed in general the usual 
afternoon nso Blood sugar, skin temperature, v ital 
capacitv , and pulse rate in hv perv cntilation were 
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correlated ■with delta waves The mean hyper- 
ventilation inde\ (sco Barnes, These Proceedings) 
was +2 74 ± 0 79 in AM and -1-4 00 d: 0 80 in PM 
We conclude that the EEG shovss no change or a 
slight decrease in alpha at 5 PM and the suscepti- 
bility of the brain to acapnia is higher in the AM 

One student fell asleep during the PM test and 
showed immediate slow sleep waves One student 
had severe petit mal w'aves in hyperventilation 
in both Ahl and PM These abnormal waves were 
abolished by amyl nitrite show’ing the importance 
of cerebral vasoconstriction in EEG 

Eye opemng, mental arithmetic and visualization 
with eyes closed blocked alplia to about the same 
degree Ah! and PM 

Electroencephalograph} of infants under pento- 
thal anesthesia T C Baknes, H S Ruth (bj 
invitation) and E K Hultzman (bj invitation) 
Depts of Physiology and Aneslhcsta, Hahcnmann 
Medical College and Hospital of Philadelphia 
(Read by title) It is very difiicult to secure an 
electroencephalogram of babies owing to artefacts 
produced by muscular movements of the face and 
limbs The EEG of the frontal lobes especially is 
obscured by eye movements Wc ha\c found that 
rectal pentothal 0 015 to 0 020 gram per pound gives 
anesthesia satisfactory for electroenccplmlography 
First an EEG is taken before anesthesia to aid in 
the recognition of the typical pentothal waves 
Anesthetization takes 7 to 40 minutes (one baby 
weighing 28 pounds reqmred 0 9 gram of pentothal) 
Fast high voltage waves typical for pentothal (16 
per second 100 microvolts) are seen for the first 
hour or more and these are replaced by normal 
slow sleep waves By careful study of the record 
before and after pentothal it is possible to detect 
the absence of regular rhythms in cerebral agenesis, 
the presence of epileptic waves and traumatic 
waves especially if the trauma is lateralized The 
fast pentothal waves (described by Katzenelbogen 
and by Brazier) are easily recognized from the 
normal slow waves of infants The pentothal waves 
are widespread in contrast to abnormal waves from 
localized lesions The frontal lobes show more of the 
pentothal waves but this localization is not as 
marked as in adults It is remarkable that the 
very slow 2-4 per second waves of one year old 
infants can be accelerated to 15 per second by 
pentothal showing that a neuronal structure is 
present capable of transmitting waves even faster 
than the normal adult rhythm of 10 per second 
Intrapulmonary mixing curves and the detec- 
tion of abnormal ventilation J B Bateman 
Mayo Aero Medical Unit, Rochester, Minnesota 
The time course of lung mtrogen elimination during 
unforced breathing of pure oxygen is determined 
by several variables, notably (1) mid-capacity 
(“functional residual air’’), (2) respiratory dead 
space, (3) tidal volume, (4) rate of nitrogen transfer 
from blood to alveolar gas, (5) umformity of dis- 


tribution of tidal air When simplifying assump- 
tions arc made the course of removal of nitrogen 
from a single perfect mixing chamber can be calcu- 
lated as a function of (1), (2), (3) and (4) 

An open circuit method has been devised for 
measuring the course of expiration of nitrogen dur- 
ing inhalation of pure oxjgen Values of (1), (2) 
and (4) can nearly always be assigned to give a 
theoretical curve that will fit the experimental 
data , know n changes in tidal air or respiratory dead 
space displace the experimental points to the 
calculated extent 

The curve which fits the experimental data 
provides, wc believe, a reliable value for the mid- 
capacity The value of the apparent dead space 
embodies both the respiratory dead space and the 
effect of unequal distribution of tidal air, or of 
imperfect mixing brought about by other means 
It may therefore be regarded as an index to the 
effectiveness of the lung as a mixing chamber, and 
data have been collected on normal persons and 
patients with pulmonary lesions (emphysema, 
bronchiectasis, bronchial obstruction) which pro- 
vide support for this point of view 

Chronic motor disability resulting from re- 
peated exposure to oxygen at high pressure 
JohnW Bean and EnvEsrC Siefuied (by invita- 
tion), Dept of Physiol Univ of Mich Ann Arbor, 
(Motion Picture) Albino rats about 3 months old 
were exposed to Oj at 65 pounds pressure (gauge) 
for from 10 to 25 mins 2 to 4 times per day until a 
desired degree of residual disability was induced 
In BO far as possible convulsive attacks were 
avoided CO- was absorbed from the chamber and 
temp maintained at about 24 °C Decompression 
was such as to avoid any possibility of bubble 
formation 

Reactions mamfest on the animal’s removal to 
room air after single expiosures varied widely in 
type and seventy, symptomatic recovery from 
these acute reactions usually occurred within a 
few minutes or hours But with repeated exposures, 
commonly as few as 5 or 6, but rarely after a single 
exposure, motor disabilities associated with chrome 
spastic paralyses involving the limbs and body 
musculature were induced Some symptomatic 
recovery from these chronic changes was evident 
but the persistence of very pronounced disability 
for periods as long as 18 months when the animals 
were sacrificed indicate these chronic changes are 
permanent 

Chicks (8 days old) exposed to 0- at 90 and 65 
pounds in a similar manner over a period of days 
were affected in like manner, disability thus in- 
duced persisted into adult life The nature of this 
dysfunction is highly suggestive of permanent 
injury in the C N S by the high O 2 pressure and 
finds confirmation in histological studies Some of 
the reactions also suggest visual disability 

The Shear tumor necrotizing bacterial poly- 
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saccharide as a pyrogen Ltle v Beck Dept of 
Physiology, Hahnemann Medical College, Phila- 
delphia, Pa * The highly purified tumor necrotizing 
polysaccharide secured from Seiratia marcescens 
by M J Shear and co workers is extremely potent 
as a pyrogen when given intravenously to rabbits * 
0 005 micrograms per kg produced a measurable 
rise in rectal temperature A maximum nse of 
2 to 3° C was produced by as little as 0 50 micro- 
grams per kg Further increases in amount of poly- 
saccbande administered did not bnng about any 
further increase in the fever reaction Rabbits 
receiving lethal and semi-lethal amounts of the 
polysacchande (20 to 100 rmcrograms per kg ) 
were likely to show a weak fever reaction Rabbits 
showing a weak fever reaction were very hkely to 
die within 24 hours after admimstration of the 
polysacchande 

The polysacchande not only induced a nse in 
rectal temperature but also an extremely rapid and 
extensive decrease in ear temperature Skin tem- 
jiemtures on the back and abdomen ran parallel 
with the rectal temperature 

Rabbits tied down m the copper trough of an 
ammal table failed to show increases in rectal tem- 
perature, although the ear temperatures became 
and remained low for hours The fei er reaction was 
not much affected by tying rabbits down on card- 
board 

The following amounts of vanous drugs given by 
stomach tube were required to markedly coun- 
teract the fever reaction antipyrene, 300 mg per 
kg , isopropyl antipyrcnc, 150 mg per kg , acetyl- 
salicylic acid, 500 mg per kg Dial, 40 mg per kg , 
intravenously, was also quite effective 

Study of learning and memory in guinea pigs 
suffering brain concussion R F Becker, R A 
GnoATandW F Windee Deparlmcnlof Anatomy 
and Inst of Neurology, Northircstcm Univ Medi- 
cal School, Chicago Two groups of guinea pigs were 
trained to perfection on a simple maze in which the 
correct exit alwavs lay behind the last of two blind 
alleys Animals learned a right and left hand pat- 
tern and then one in which the blinds alternated 
in a chance sequence Cntcnon of learning was 
ability to run 10 errorless trials in succession In 
Group I, subgroups were taught the problem 6, 30 
and 90 da^8 after concussion Untreated controls 
wore proi idcd for companson After initial learn- 
ing the subgroups were retested on the chance 
alternation pattern at a-arious intervals of time 
Group II animals were taught the problem first 
Subgroups w ere retested 0, 30 and 90 dai s later and 
then recened concussions \ second retest followed 
C, 30 or 90 days after concussion 

Animals with concussion were unable to effect 


• Supported bj tnmt from Inlrmationsl Cnattr Itwattb 
Foundation 

•J bat. Cantor InsUtuto 4 Sl-tJS (ItlS) 


a systematic solution of the problem during the 
imtial stages of learmng Their early runmng was 
purely random and disoriented They made and 
repeated many more errors than did the controls 
In later stages of learning they performed as well 
as controls This disonentation was not as marked 
in ammals first meeting the problem 90 days after 
concussion 

All experimental animals suffered marked reten- 
tive loss and reqmred extensive retraimng in re- 
tests regardless whether the problem was learned 
before or after concussion Repeated retesting 
did not improve retention Controls were letter- 
perfect even 90 days after mitial learning [TFork 
done under contract, sponsored by CMR, between 
OSRD and Northwestern Umv ] 

Contmnous blood oxygen saturation in intra- 
venous barbiturate anesthesia Viviak G Behb- 
MANb (introduced by Robert Geseel) Dept of 
Lahys , Henry Ford Hospital, Detroit, Michigan 

Anoxia is a hazard often encountered in anesthe- 
sia, which IS not given sufBcient attention The 
current widespread usage of intravenous anesthesia 
coupled with the dearth of adequate data on the 
blood oxygen values prompted this study In the 
numerous chmcal reports on the usage of the short- 
actmg barbiturates, namely Evipal and Pentothal, 
one finds that oxygen i nhala tion is advised to pre- 
vent respiratory depression In short operations, it 
IS not feasible to determine oxygen saturation of 
the blood since an artenal puncture is inv olv ed and 
the accepted method is time-consuming There- 
fore, a photoelectnc method for the continuous 
recording of oxygen saturation of the blood affords 
a useful instrument for obtaimng data under short- 
time anesthetics 

Continuous blood oxygen saturation curves, with 
simultaneous records of respiration and blood pres- 
sure were obtained under intravenous administra- 
tions of barbiturates to normal dogs A senes of 
patients undergoing operations were also studied 
The dosage of barbiturate was altered in the expen- 
mental animals so as to produce light, moderately 
deep, and deep anesthesia The depth of ancsthesm 
was noted frequently through the state of the 
corneal and lid reflexes The oxygen satumtion 
curves were checked at intervals using Van Slv ke's 
manometnc method for oxygen saturation of 
arterial blood 

Factors maintaining heat balance of (he clothed 
man at different grades of activity In the cold 
H S Bmjirso.n D Rcsseix (by invitation) and 
R C Darling Fatigue Laby , Harrard Untr , 
Boston, Ma'^saehusetts Men have been exposed for 
two hour penods at O'F in a standard arctic uni- 
form while seated, standing, walking or climbing 
The data gathered have permitted calculation of 
energy production and bodv heat debt, as well as 
energy lossbv evaporation from the lungs and skin, 
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by warming the inspired air, by work, and by con- 
vection and radiation through the clothing 

At all levels of activity most of the heat was lost 
by convection and radiation, the resistance to heat 
flow by these avenues was a function of the amount 
of surface area exposed as veil as of the speed and 
extent of the body movements, it was three times 
as great during sitting as during fast walking 

The calculation of body heat loss by sweating was 
complicated by the fact that most of the sweat 
remained in the clothing However, since evidence 
exists that most of this had been evaporated at the 
skin and later rccondenscd it was possible bj mak- 
ing reasonable assumptions to calculate the effec- 
tive rewarming of the body resulting from rccon- 
densation of the moisture in the various layers, 
then the heat of vaporization of all of the sweat 
minus the effective recondcnsation equalled the 
body heat loss by sweating It was found that the 
net efiBciency of the sweat for body cooling never 
exceeded 60 per cent and only attained this figure 
when sweating was moderate The inefficiencj of 
this method of cooling was compensated for bj an 
increase in the total amount of secretion 

The origin of the spike potential in nerve R 
Beutner and T C Barnes Dept of Pharmacol- 
ogy and Physiology, The Hahnemann Medical 
College and Hospital of Philadelphia Electric 
phase boundary potentials between a lipoid and 
saline in vitro are made negative by traces of aceto- 
choline, suggesting relationship between the 
“negative variation” of nerve and acetocholine 
generation However, the rapid disappearance of 
the negative variation cannot be explained through 
decomposition of acetocholine by esterase, since 
inhibition of esterase by eserin has no effect Even 
external application of acetocholine has no effect 
on the nerve The generation of acetocholine must 
therefore take place in the lipoid itself of the 
membrane where it is protected against the esterase 
(W Feldberg, 1945) 

We assume that acetocholine is first generated on 
one Bide in the lipoid of a membrane of the nerve, 
thus originating the up-stroke of the spike poten- 
tial The down-stroke would occur if acetocholine 
reaches its opposite side Experiments showed dis- 
appearance of e m f if acetocholine is on both sides 
of oil layer 

Additional experiments were done on oil layers 
of varying thickness If the layer is about 1 mm 
thick the negativity producted by 0 05% of aceto- 
choline lasts for hours without perceptible change, 
or it even rises If the oil layer is about 0 1 mm 
thick so as to appear as a film the e m f of the oil 
cell drops from an imtial value of 34 nullivolts to 
4 millivolts in 5J hours Assuming the cell mem- 
brane to be about Ipn thick or less we can under- 
stand that the drop of potential occurs in a few a- 


[Aided by a grant from the American Philosophical 
Society ] 

The mechanism of estrogen induced changes in 
dominance-subordination relationships in the fe- 
male chimpanzee HEnnERT G Birch (by invita- 
tion) and GEonor Clark Yerkes Labys of Primate 
Biology, Orange Park, Florida In both intact and 
castralo-fcmnlc chimpanzees rise in estrogen level 
is accompanied b> increase in social dominance In 
the male chimpanzee, however, a nse in estrogen 
Icx’cl 18 followed b} a decrease in dominance There 
arc two possible explanations of the sex difference 
in the effect of estrogens 1 Different integrative 
patterns in the central nervous system arc postu- 
lated 2 Theprcsenccof the genital swelling, which 
occurs only in the female, in some way modifies her 
dominance 

A test of the influence of the genital swelling is 
made possible by altering the temporal sequence of 
administration of estrogen and progesterone in 
combination Swelling or non-swelling can be at- 
tained at the same blood concentration of the 
hormones, depending upon time relations of ad- 
ministration With such control of one female 
castrate in a food-competition situaiton, the level 
of dominance varied directly ns the size of the 
genital sw elling and did not correlate with the blood 
level of estrogen The estrogen induced dominance 
of the female is thus to be ascribed to the produc- 
tion of the genital swelling and the resultant in- 
creased irritability of the animal 

Oxygen and CO* dissociation curves of the blood 
of the Atlantic salmon Salmo salar solor Linnaeus 
acclimated to winter temperatures Edgar C 
Black and Virginia S Black (by invitation) 
Dept of Physiology, Dalhouste Umv , Halifax, 
Nova Scotia, Canada Oxygen and COj dissociation 
curves were constructed at 6°C for the blood of the 
Atlantic salmon, Salmo salar salar Linnaeus, ac- 
climated to winter temperatures (2° to 6°C) The 
salmon left the sea early in October, 1945 and bad 
been in cold fresh river water for 6 to 10 weeks 
before they were used The fish weighed from 2 to 
10 pounds Both sexes were used Oxygen dissocia- 
tion curves constructed at 5°C and pCO- 0-2, 10 
and 40 mm indicate that the oxygen combimng 
power of salmon blood is sensitive to CO* although 
not unusually so for fish blood The tensions of 
oxygen at unloading (half saturation) were 7, 32 
and 35 mm at CO- pressures of 0-2, 10 and 40 mm 
respectively The CO 2 dissociation curves show a 
typical Haldane effect and also indicate that maxi- 
mum buffering occurred between pCOj 0 and 10 
Tnm In 3 estimations, the CO* venous tensions of 
blood taken from the heart were 3, 6 and 6 mm while 
the corresponding oxygen tensions were 14, 0 and 
16 mm The average oxygen capacity for 17 fish 
was 11 5 volumes per cent while the average red 
cell volume was 28 per cent 
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These data are discussed in relation to the physi- 
ology and ecology of the Atlantic salmon [This 
work was supported by a grant from the National 
Research Council of Canada ] 

Photolylic lipids from visual pigments Aured 
F Buss (introduced by H E Himwicb) Dept of 
Physiology and Pharmacology, Albany Medical 
College, Union Univ , Albany, New York Rhodop- 
sin, the light sensitive pigment from the retinal 
rods and the basis of mght vision, is a conjugated 
protein which breaks down in the light, releasing 
a yellow vitamin A denvative, retinene (Wald, J 
Gen Physiol , 1935) 

In 1937, the first step in the chemistry of day- 
light vision was taken by Wald who reported the 
extraction from chicken retinas of a red-sensitive 
cone pigment, lodopsm The present author has 
studied the photochemical properties of lodopsin, 
finding it to possess m even greater degree the 
protein like lability of rhodopsin The spectral 
sensitivity of dissolved lodopsin roughly paral- 
lelled Hecht's computation of the sensitivity of the 
human cones and showed a maximum at 570 mmu 
in the yellow-green 

New expenmenta have furmshed information 
concormng the photoproducts of bleached lodopsin 
The expenmental material consisted of a powder 
obtained from chick or frog retinas frozen-dned in 
vacuo The powder was moistened, bleached and 
extracted with J per cent alcoholic petroleum ether 
The lipids released by lodopsin proved spectro- 
scopically identical with those from rhodopsin in 
both the frog and chick and showed a maximum 
density at about 390 mmu in chloroform, indicative 
of retinene A variable peak at about 470 mmu was 
likewise evident but declined rapidly, leading to a 
stable spectrum identical with that of retinene 

The labile intermediate may represent the 
“transient orange" or "indicator yellow" stage of 
bleaching rhodopsin (Ljthgoe and Quilliam, J 
Physiol , 1938) and has not prenously been ob- 
served in nonaqueous solutions 

Physiology of the rat at high altitudes F R 
Blood, (by invitation) and F E D’ Amour, Univ 
of Denver The rat survives the anoxia of 40,000 
feet, (140 mm ) for considerable periods It is 
therefore a suitable animal in which to study the 
adaptations of physiologic function to anoxia In 
this study we have determined the values of a 
number of respiratory and circulatory constants at 
a low altitude and at 40,000 feet These values are 
ns follows, (first figure, Denver, second figure, 
40,000 feet) 

Oxygen consumption 20 3 mg /kg /mm , 115 
mg /kg /min Respiratory Quotient 76, 1 39 
Respiration rate 55, 53 Pulmonary Ventilation 
114 ml /mm , 218 ml /min Alveolar Carbon diox- 
ide 40 2mm, 11 7 mm Alvoolaroxvgcn 73 8 mm, 
10 2 mm Arterial carbon dioxide 375 v pc , 17 S 


V p c Arterial oxygen 18 6 vpc, 45 vpc Ve- 
nous carbon dioxide 475 V p 0 , 27 6 V p c Venous 
oxygen 94vpc,12vpc Blood R Q 1 19, 2 86 
CoeS of Utilization 49%, 70% Systolic blood 
pressure 144 mm , 122 mm Heart rate 310, 222 
Body temperature 37 3°C , 34 I'C 
Indiibition of erythema of sunburn by large 
doses of ultraviolet radiation H F Blum and 
W S Terus (by invitation) Naval Medical Re- 
search Inst ,Bethesda,Md The eiythema produced 
in human skin by moderate doses of ultraviolet 
radiation may be partially inhibited by large doses 
of the same radiation appbed subsequently As a 
result, an optimum dose for eiythema may be found 
when a senes of graded doses is given However, 
total skin damage is not inhibited in the same way 
as eiythema, the degree of desquamation and 
vesiculation increasing progressively with the dose 
regardless of the degree of erythema which pre- 
cedes The inhibition of erythema is due pnnci- 
pally to the longer wavelengths of the erythema 
spectrum, which penetrate more deeply than the 
shorter It is concluded that the inhibition is prob- 
ably a direct effect of these longer wavelengths on 
the minute vessels of the papillary layer to which 
they penetrate, whereas the erythema is caused 
by a dilator substance elaborated by injured cells 
of the malpighian layer The results of this study 
indicate that the erythemal threshold, and the 
erythemal spectrum are at best only rough meas- 
ures of sunburn and if used imcntically may lead 
to erroneous conclusions 
Unc acid formation in the developing egg of the 
grasshopper Melanoplns ditrcrentialis Joseph 
Hall Bodine Dept of Zoology, State Univ of 
Iowa, Iowa City (Read b> title ) A detailed quan- 
titative study has been made of the unc acid pro- 
duction during the complete development of the 
egg of the grasshopper, Mclanoplus differentiaiis 
A marked increase in unc acid occurs dunng the 
developmental phases ranging from 0 OOCH tag 
per egg at the beginning and at batching 0 035 mg 
per egg During diapause or "block” no marked 
changes in the concentration of unc acid occur 
The general trends of the uric acid curve are simi- 
lar to those for the Oj intake and COi output of the 
egg Evndcnce is presented suggesting that dunng 
active development of the egg approximately 6 6% 
of the cnergj utilized is obtained from protein 
Elcctrokymograms of heart border motion 
principles of record interpretation BertR Boose 
(by invitation), Fred G Gillick (bj invutation), 

BT Edward CiiAMBERL.vrs (bj invitation) and 
Morton J OrPEsnEiMEn Depts of Radiology and 
Physiology, Temple lintv School of Medicine, 
Philadelphia, Penna The clcctrokvmograph, used 
with the nuoroscopc, provides an apparatus spcci- 
ficallj designed for the convenient recording of 
heart border motions in the intact human subject 



10 


FEDERATION PROCEEDINGS 


Various points on tbo borders of the cardiovascular 
silhouette have their own characteristic motions, 
atrial, ventricular, venous, arterial or combina- 
tions of two or more such motions These motions 
may be characteristically altered in the presence 
of cardiovascular disease 
Roentgen kymography has been used for the 
study of heart border motion but has failed to 
satisfy all of the requirements Roentgen kymo- 
grams are of small size and lack detail (Their lack 
of definition precludes the effective use of magnifi- 
cation ) Roentgen kymogramsarc necessarily brief 
Electrokymograms are tracings ^\lth all of tho 
amplitude and detail of tho clcctrocardiogmm and 
may be run continuously for as long as is feasible 
for an ordinary fluoroscopic studj of the patient’s 
heart In fact, electrokymograpliy of heart border 
motion IS accomplished nith a fluoroscopic \-ray 
beam of ordinary routine intensity 
The interpretation of electrokymograms of heart 
border motion IS greatly facilitated bj simultaneous 
recording of the carotid pulse, on the same strip of 
bromide paper, through tho same aperture ns is 
used for the string galvanometer of the electro- 
kymograph By such means we have been able to 
identify five to six distinct phases in the motion 
curve of the left ventncle Distinct pliascs arc also 
demonstrable in motion curves of other portions of 
the cardiovascular silhouette 
Electrokymograms of motion of left ventricular 
border are surpnsingly like typical vcntncular 
volume curves 

Roentgen kymographic studies of cardiac and 
respiratory movements (motion picture) W M 
BooTHBTandH F Helmholz,!!! (by invitation) 
Mayo Aero Medical Unit, Rochester, Minnesota 
The movements of the breathing heart rae clearly 
shown The change in axis dunng positive pressure 
breathing is demonstrable and probably accounts 
for the apparent decrease in diameter 
The respiratory movements, especially those of 
the diaphragm, are also clearly shown and the 
enng of the diaphragm with positive pressure 
thing IS defimte The movements due to the 
ontractions of the diaphragm are apparently not 
simultaneous in different parts and give the ap- 
pearance of a sinous character 
The influence of the pericardium on eflfective 
venous pressure T E Boyd and John M 
Bhookhaet (by invitation) Loyola Univ School 
of Medicine, Chicago Earlier workers have shown 
that the pericardium limits distension of the heart 
under certain conditions (vagal standstill, anoxia, 
barbiturate poisomng) We have used dogs under 
morphine-barbital anesthesia A cannula was tied 
into the apex of the pericardium, enough air (5 to 
15 cc ) introduced to maintain patency of the 
cannula, and intrapericardial pressure (IPP) re- 
corded differentially against intrathoracic pressure 


(ITP) in a closed pneumothorax of minimal vol- 
iimo Venous pressure (VP) from tho nght atnum 
uas recorded differentially against ITP and against 
IPP 

The rise of VP produced by intravenous fluids is 
rclatnelj large against ITP, much smaller against 
IPP During cardiac standstill from vagal stimula- 
tion, VP measured against ITP rises steadily until 
the heartbeat is resumed, but measured against 
IPP it becomes stabilized very sliglillj above tho 
initial level After severe hemorrhage this differ- 
ence tends to disappear, a small and gradual nse 
occurring uitli cither method of recording Rcspira* 
tory variations of VP arc approximately the same 
by cither method 

Breathing air under sufficient positive pressure 
(10 to 16 mm Ilg) causes a marked fall of artcnal 
pressure Tins effect is not associated with a fall 
of VP, uhethor measured against ITP or IPP In 
positive pressure breathing, neither ITP nor IPP 
(recorded ns described) gives an accurate base 
from which to estimate effective venous pressure 
(sec Brookhart and Boy d, accompanynng abstract) 

Acid effects of Ammonium compounds Charles 
R Brassfield, Elwood T Hansen (by invita- 
tion) and Robert Gesell Univ of Michigan 

Saliva pH and artcnal blood pH were followed 
continuously with glass electrodes in anesthetized 
dogs Salivary flow, respiratory volume, chest and 
abdominal movements were also recorded The 
Bubmaxillary gland was stimulated in three way s 
intravenous injection of pilocarpine, electneal 
stimulation of the Chorda Tympam nerve and in- 
tra-arterial injection of acetylcholine 

Unlike ammomum chlonde, ammomum hydrox- 
ide and ammomum bicarbonate increase the pH 
of arterial blood but all these compoimds markedly 
decrease the pH of saliva Salivary flow is increased 
by these compounds with aU three types of secre- 
tory stimulation Ammomum hydroxide and 
ammonium bicarbonate produced similar respira- 
tory changes to those obtained with eserine or 
ammomum chloride 

These results suggest that ammonium compounds 
exert an anticholine-sterase effect by virtue of an 
increased intracellular acidity However, the 
specific effects of the ammomum radical or of the 
relationship of internal to external pH are not 
excluded 

Effects of acceleratory forces and their 
amelioration S W Britton and C R French 
(by invitation) Physiological Laby , Univ of 
Virginia Medical School, Charlottesville Within 
limits, rat responses to g forces are fairly umform 
for the same g x t values Female animals tolerated 
g better than males, while young ammals showed 
less resistance Resistance differences for many 
ammal species were observed Negative g was 
tolerated only about half as well as positive g 
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lacreased'resiBtance’was shown by animals which 
had been given several exposures over penods of 
days or months 

Considerable protection was aSorded by a simple 
belt placed around the abdomen or upper thighs 
The effects of pressor and other substances were 
studied Respiratory and circulatory changes 
(including E C G ) under various g forces were 
observed Marked effects were observed m a few 
instances on the central nervous system, chrome 
ngidity (decerebrate type) sometimes appeared 
“Delta” brain waves were commonly aroused 
during centrifugation 

Hypeiglycemia occurred after severe accelera- 
tory shock, tissue glycogen levels were usually 
reduced by prolonged exposures Other blood- 
chenucal changes were noted Autopsy findings 
even after severe tests (prostration, death) were 
not striking [This icorl was done under a contract, 
recommended by the Committee on Medical Research, 
between the Office of Scientific Research and 'Develop- 
ment and the Univ of Virginia ] 

The rate of oxygen consumption m localized 
regions of the nervous system in presynaptic 
endings and in cell bodies D W Bronx, M G 
Larbabee and P W Davies (by invitation) 
Johnson Foundation, Unw of Pennsylvania 
The rates of oxygen consumption by the cerebral 
cortex and by sympathetic ganglia of cats have been 
measured by the oxygen electrode devised by 
Davies and Brink In the first instance this was 
done by forcing the electrode firmly against the 
cortex The pressure of the electrode stops blood 
flow to the area in which oxygen tension is being 
measured Accordingly, the rate of fall of electrode 
current is an index of the rate of oxygen consump- 
tion in the localized area of the cortex An electrode 
thrust into a sympathetic ganglion similarly indi- 
cates the rate of oxygen consumption when the 
circulation of the ganglion is arrested 
The oxygen tension falls linearly until it reaches 
2 or 3 mm Hg There the rate of consumption 
changes and becomes very small The linear de- 
crease in tension shows that the rate of oxygen 
consumption is independent of tension above 
so\ cml mm Hg 

The time required for the cortical cells to reduce 
the oxygen tension in their ennronment to this 
low value IS from 1 to 10 secs In the ganglion the 
consumption is much less rapid , cv on with maximal 
actuation the tension does not approach zero in 
less tluan 90 secs 

The relative demands for increased oxygen dur- 
ing activity of the several portions of the neural 
pathway (fibers, presv naptic endings, cell bodies) 
liav 0 been studied by companng the rates of oxv gen 
consumption dunng rest, during preganglionic 
stimulation, during antidromic stimulation, and 


with preganghomc stimulation dunng curare 
block 

The circulatory effects of local variations m 
mtrathotacic pressure John M Broqksabt 
(by invitation) and T E Botd, Loyola Untv 
School of Medicine, Chicago Cardiometer record- 
ings (method of Patras, Brookhart and Boyd, 1944) 
indicate a dimmution in cardiac output and stroke 
volume accompanying the collapse of arterial 
pressure produced by pressure breathing in anes- 
thetized dogs Records of venous pressure vs 
intrathoracic pressure (minimal free pneumo- 
thorax), obtained during pressure breathing 
without a cardiometer show no diminution or a 
slight elevation Venous pressure registered against 
pressure in a small balloon between the wall of the 
left lung and the pericardium falls dunng pressure 
breathmg in a manner consistent with the changes 
of cardiac volume and arterial pressure 

Differential pressure recorded between a mim- 
mal free pneumothorax and a small flaccid balloon 
between the left lung and pencardium indicates 
that extracardiao pressure is slightly higher than 
“mtiathoracic” pressure, the difference being 
accentuated dunng pressure breathing Introduc- 
tion of air (1 to 5 cc ) into a small flaccid balloon 
between the chest wall and the inflated lung raises 
pressure in the balloon above that m a free pneumo- 
thorax 

It IS concluded that variations of pressure be- 
tween the lung and adjacent structures may occur 
locally wherever the lung is prevented from 
assuming the shape it would assume if inflated 
to an equal volume in air Such distortion of the 
lung reduces the component of tension tending to 
pull the lung awax Irora the adjacent surface, and 
thus increases local pressure between the surfaces 
It IB further concluded that under some conditions 
the heart produces such a distortion, thus render- 
ing invalid measurements of effectiv e filling pres- 
sure made in the conventional manner 

Mechanical factors in the production of spinal 
cord injury by gunshot wounds to the vertebrne 
J M Brookhart (introduced by W F Windee) 
Insl of Neurology, Northwestern Univ Medical 
School, Chicago (Read by title ) It is known that 
gunshot wounds of the vertebrae may produce 
cord lesions vnthout damaging the neural canal 
Thirty five ethenzed cats were wounded in the 
region of the spinous processes of thoracic (25) 
and lumbar (10) vertebrae by i inch steel balls 
having impact velocities between. 3000 and 3500 
feet per second Sev entv of neurological signs was 
correlated with location of wound The neural 
arch was undamaged 

Shots passing the cephalic or caudal edge of 
thoracic spinous procc"C3 produced signs of severe 
cord damage Shots sinking the middle of thoracic 
spines produced minimal or no cord signs The 
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results suggest that rotation about a longitudinal 
axis IS inocuous, that cavity formation in para- 
vertebral muscles producing rotation of vertcbme 
about a transverse axis causes damaging shear 
strain in the spinal cord Bono damage docs not 
always accompany cord lesions in the thoracic 
region 

In the cat, mobility of lumbar vertcbme is 
limited Severity of cord damage vanes with 
proximity of the shot to the thin roof of the ncuml 
canal It appears that cither the shock wave or 
momentary depression of the roof of the neural 
canal by the expanding cavity produces compres- 
sion of the spinal cord Bone damage alvays nc- 
compamed lumbar cord damage 

It 18 suggested that vulnerability of the cord to 
damage from hits or ncar-hits on vertebrae is 
deterrmned in part by mobility of vertebrae in 
various portions of the vertebral column [Work 
done under contract, sponsored by CMR, bclnccn 
OSRD and Northwestern Umv ] 

Activity and the development of obesity 
Chandler McC Brooks Dept of Physiology, 
Johns Hopkins Umv , School of Medicine, Baltu 
more B, Maryland (Read by title ) The activity 
of rata before and after production of obcsity- 
inducing hypothalamic lesions was determined by 
meaaunng spontaneous running in a freely revolv- 
ing wheel or by recording motions imparted to a 
cage mounted on sensitive tambours Immediately 
after operation there was charactonstically a 24 
to 48 hour penod of intense activity followed by a 
penod of abnormal qmescence of slightly longer 
duration Rimmng remained subnormal in seven 
potentially obese rats studied and finally ceased 
altogether as they became obese and unable to run 
Tambour recorded activity of eight other animals 
increased progressively, after this period of quies- 
cence, as the rats became obese, and finally rose 
above normal, largely because small motions which 
the tambours could not record when made by a rat 
normal weight had a profound effect on the tam- 
system when made after development of 
obesity Both methods showed a reduction in 
activity during the early part of the dynamic 
phase of obesity Although runmng ceased the 
energy reqmrement for activity obviously in- 
creased as the animals became obese This probably 
contributed to establishment of the static phase 
TJnderactivity was, at most, merely a contributory 
cause of obesity because similar degrees of under- 
actmty were produced without obesity resulting 
The described reduction in activity can contribute 
to adiposity since appetite and food intake are not 
correspondingly modified It likewise may enable 
a potentially obese ammal to accumulate some 
adipose tissue even when the food intake is limited 
to that of a normal control 
A study of oxygen consumption in obesity 


CiiandierMcC Brooks and David N Marine 
(by invitation) Dept of Physiology, Johns Hop- 
kins Umv , School of Medicine, Baltimore, S, 
Maryland The oxygen consumption of 18 female 
rats was determined once or tv ice weekly for 
several months before obesity-producing hypo- 
thalamic lesions wore made in 14 of them After 
operation the rate of Os use fell belov that of the 
controls Seven of these animals were fed ad hbi- 
dum As they became obese the Oj use per gram of 
body weight fell even farther below normal but the 
total oxygen consumption gradually rose and 
eventually exceeded the normal Four other rats 
were prevented from quickly outgaimng their 
controls by pairfecding In these the total 0i 
intake ns well ns the Oi per gram remained sigmfi- 
cantly below normal, even though the animals 
did become slightly obese, until unlimited food 
was given This lowered metabolism, which ap- 
parently 18 present in some cases of expenmentally 
produced obesity, however, cannot be the pnmary 
cause of obesity because 1) in vanous animals 
reductions in Oj requirement are not proportional 
to the obesity developed, 2) comparable reductions 
in metabolism can be produced without causing 
obesity , 3) 0* consumption can be maintained at a 
normal level by means of thyroxin without prevent- 
ing development of obesity (3 cases) It is thought 
that a reduction in metabolis requirement may 
help explain why some potentially obese animals 
can attain a degree of obesity when limited to the 
food intake of a normal rat 
Mechanism of fertilization of eggs Matilda 
Moldenhauer Brooks Umv of California, 
Berkeley, Cal In a previous preliminary report 
the writer demonstrated a direct relation between 
the rate of Oi consumption of unfertilized eggs, 
fertilized eggs and sperm of Arbacia punctulata 
on the one hand, and the redox piotential of con- 
centrated suspensions of these substances The 
redox potential of unfertilized Arbacia eggs is 
low compared with that of sperm The Oj consump- 
tion of unfertilized eggs is also low (Warbuig, etc ) 
but the rate rises 4 to 6-fold upon fertilization 
It was therefore suggested by the writer that the 
high redox potential of the sperm was the important 
factor m imtiating development 

In the present paper two other forms have been 
used, Astenas forbesit and Chaelopterus In the 
first case, the rate of Oj consumption of unfertilized 
eggs 18 high and there is no appreciable change on 
fertilization (Loeb, etc ) One would therefore 
expect that the redox potential of these imfertilized 
eggs to be high and about the same as that of sperm 
This was found to be true In the case of Chaetop- 
terus, Whitaker found that the rate of 0» con- 
sumption of imfertilized eggs was high and that 
there was a decrease in rate on fertilization It 
was found by the writer that these unfertilized 
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eggs have a high redoic poteatial which is higher 
than that of sperm In conclusion, therefore, it 
appears that a definite redox potential is necessary 
to initiate fertilization , that this differs with the 
species, being either raised or lowered according 
to the state of the unfertilized egg 
The activation of myosin-atpase by pressure 
in the presence of calcium Dxjgald Brown 
AND H Cdaiee Lawdeb (by invitation) Dept 
of Physiology, the Graduate School and the Dental 
College, New York Univ The activity of the 
myoain-ATPase calcium system was determined at 
pressures from 200 to 800 atmospheres The re- 
action mixture contained myosin 5 X 10"’ per cent, 
glycine buffer pH 8 4, lomc strength 013 9 X 
10"* N calcium, ATP 350 mg per cent A reaction 
period of 40 minutes at 30° with a compression 
period of 30 minutes was employed 
Pressure enhances the activity only in the 
presence of calcium The effect is reversible im- 
mediately upon decompression The maximum 
pressure effect is a fourfold activation at 800 to 
900 atmospheres The extent of the pressure activa- 
tion IS independent of calcium concentration from 
0 59 X 10"* N to 3 9 X 10"* N the optimum con- 
centration 

The decrease in volume per mol of the reaction 
products as compared to the reactants i e A V is 
300 oc This value is similar to the A V for the ten- 
sion developed in the pressure contracture of 
muscle In contrast the eolation of myosin gels by 
pressure hasa AVof 120cc [Assislcdbyagrantfrom 
the Dazian foundation and Ihc Cinchona Products 
Inst 3 

Changes in specific gravity and body fat of 
young men under conditions of experimental 
semi-starvation Josef Buozek (introduced by 
Anccl Keys) Laby of Physiological Hygiene, 
Univ of Minnesota, Minneapolis, Minnesota 
Thirty four men— average age 25 4 years, min 
20, max 33 — were maintained for 24 weeks on a 
semi starvation diet Specific gravity was deter- 
mined by weighing in air and in water, at maxunal 
expiration, according to the Archimedean prin- 
ciple An average of 1,450 co was used as an esti- 
mated value for residual air 
The average control value of sp gr was 1 071, 
(range 1 046 to 1 0S6) By mid-starvation the 
averager osc to 1 084 (range 1 052 to 1 112) and at 
the end of starvation to 1 089 (range 1 058 to 1 118) 
The relative amount of bod\ fat was estimated 
by the formula of Rathbun and Pace % fat •» 
100[(6A4S/bp gr )— 5 044)] In standardiiation the 
calculated body fat, in kg , aicmged 9 62 (range 
4 2 to 20 6), in mid starvation 4 44 (range 0 to 
152) , at end of starvation 3 08 (range 0 to 11 9) 
Tlicc rcprc'cnt changes of 58^% and 68 0% 
of the control fat value ns compared with average 


losses of 16 6% and 22 3% of the total body weight 
for the same penods 

The techmque was satisfactonly reliable In 
133 pairs of measurements repeated m 3 to 7 days 
calculated body fat values, as percentage of body 
weight, agreed within ± 1 5% in 90 per cent of the 
cases However, two factors tend to produce an 
underestimate of fat loss Independent measure- 
ments demonstrated increasmg hydration during 
starvation thereby reducing specific gravity 
Residual air space probably increased owing to a 
reduction of intra-thoracic tissues and decreased 
power of the expiratory muscles [This work was 
supported in part under a contract with the Office 
of Scientific Research and Development Support 
from other sources will be acknowledged in final 
publication ] 

Blood flow in the bronchial artery of the anes- 
thetized dog H D Brdneh (by invitation) and 
C F ScHiiiDT Dept of Pharmacology, Univ of 
Pennsylvania, Philadelphia Blood flow was 
measured in the right bronchial artery of hepann- 
ized dogs under chlorolose or pentobarbital by 
passing blood from a major artery through a bubble 
flowmeter into the bronchial artery Artificial 
respiration could be discontinued afterward by 
closure of the wound 

Under these circumstances, ‘‘normal" bronchial 
blood flow was found to be of the order of 3 to 8 
cc per minute in dogs weighing between 11 and 
20 kg , 1 e less than one per cent of the cardiac 
output, qualification is necessary because of 
extensive collateral connections and extra-pul- 
monary branchings of the artery The flow can be 
labile and temporary cyclic increases were en- 
countered occasionally, the origin of which is 
unknown The vagus cames dilator fibers while 
branches of the stellate ganghon carry constrictor 
fibers Also investigated qualitatively were the 
effect of variations in lung inflation by the pump, 
the effects of vanous hemodynamic drugs, and the 
effects of ventilation by gases of varying composi- 
tion 

The preparations deteriorated with time in that 
the blood flow decreased, this is due in part at 
least to reduction of circulating blood volume from 
blood loss at the incisions [T/iis icorh was done 
under confracf with the Office of Scientific Research 
and Development ] 

Trial of the thermistor ns a means of estimating 
blood flow H D Bruneb axd W E SrErnEss 
(Introduced by C F Schmidt ) Depls of Phar- 
macology and Physics, Univ of Pennsylvania, 
Philadelphia The thermistor is a glass inclosed 
electrical unit who'c resistance changes expo- 
nentially with the reciprocal of its temperature 
which IS subject to ambient Icmp’nlurc and 
joule heat from elect nc current Its obvious possi- 
bilities as a rheometer in nro were tested in pump- 
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operated schema using distilled ivator, V-697 
thermistor units’ (0 38 mm din ) Mere mounted 
centrally in a stream which simulated in vivo 
linear pulsatile velocities and flow The require- 
ment that the shell temperature never c\cccd 
42°C limited power input and necessitated opera- 
tion well below optimal sensitivity 

A single thermistor as one arm of a balanced 
Wheatstone bridge circuit commonly showed the 
same resistance change per 0 33°C (at 38°) as for 
mean linear velocity changes of 18 to 2 6 cm/scc 

To compensate for temperature, suitably paired 
thermistors formed adjacent arms of the bridge 
using 0 2 m a D C for balancing and a supple- 
mentary 20,000 cycle current for heating one 
thermistor The results with this circuit were 
1) Careful matching of operating resistances may 
provide reasonable temperature compensation, 
e g , the resistance change per degree C (at 38°) 
was 0 2 that of a mean linear velocity change from 
21 to 4 cm/sec 2) The change of resistance is a 
non-linear function of flow ns the response is a 
complex averaging of the pulsatile flow , changes 
of pulse characteristics, total flow being constant, 
altered the calibration 3) Occasional systematic 
shifts in resistance suggest instability in the unit 
as mounted 4) Adjustment of the A C heating 
current was extremely critical 

Even if instrumental difficulties could be over- 
come, the delicacy and the non-lmcnr response 
make in vivo use doubtful [This work was done 
under contract with the Office of Scientific Research 
and Development ] 

The influence of diet on uropepsin elimination 
G R Bucher (introduced by R Hafkesbring) 
Dept of Physiology, Woman’s Medical College 
of Pennsylvania, Philadelphia Control values 
were established from a study of the diet records 
and analysis of 24-hour urines of 15 female college 
students for three consecutive days Experimental 
values were similarly obtained for the second and 
third days of a three-day penod during which the 
girls consumed their usual (control) caloric 
intake of special food types Group I, (5 girls) 
selected only protein (meat, eggs, fish, cheese) , 
group II, (4 girls) took only milk, group III, (4 
girls) took only orange jmee, group IV, (2 girls) 
selected an all carbohydrate diet The records 
were evaluated for protein and caloric intake , the 
urines were analyzed for pH, total nitrogen and 
pepsin 

Group I, almost doubled their uropepsin output 
in unnes of slightly increased acidity and volume 
Group II, showed no changes in uropepsin output, 
the unne volumes doubled and all were slightly 
more alkaline than controls Group III, reduced 
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their uropepsin outputs by half in urine volumes 
that were doubled and alkaline (Mean pH, 7 56) 
Group IV, reduced their uropepsin output by 
j-J, volumes and pH were unchanged The 
protein in the diet and tho pH of the unne appear 
to bo factors which influence uropepsin output 
Tho mechanisms by which these operate are being 
studied [Aided by a grant from the Committee 
on Therapeutic Research, Council on Pharmacy and 
Chemistry, American Medical Association ] 

Shift from negative to positive brain potential 
in the human during general anesthesia W E 
BunoE Dept of Physiology, Univ of Illinois, 
Urbana, Illinois (Rend by title ) When on elec- 
trode was placed on the forehead and another on 
the forearm with a galvanometer in tho circmt, the 
forehead of unnncsthotizod humans was found to 
be positive to tho forearm 

General anesthesia during surgical operations on 
thirty two humans of various ages and conditions 
with tho use of tho different more commonly used 
anesthetics caused a decrease in the positive po- 
tential of the forehead, and m deep surgical anes- 
thesia brought about a reversal in polarity m 
twenty nine of tho thirty two subjects, that is, 
caused tho scalp of the forehead to become negative 
to the forearm Upon recoverj’ from anesthesia, 
polaritj again reversed, and the scalp became 
positive 

We have found m etherized dogs with trephined 
skulls (Anesthesiology, Vol I, No 1, 1945) that 
the positive potential of the scalp of dogs fluctuated 
with the negative potential of the underlying 
brain cortex in a 1 to 8 ratio, so scalp potential 
may be used as an index to brain potential 

Hence, if the relationship between scalp and 
brain potential of humans and dogs is comparable, 
the fall in the positive potential of the scalp of 
humans dunng surgical anesthesia described above 
indicated a fall in the negative potential of the 
underlying brain cortex, and the reversal in polar- 
ity in deep surgical anesthesia indicated that the 
brain cortex had become positive in deep narcosis, 
thus confirming for humans observations made by 
us in 1936 on dogs (Anesthesia and Analgesia, 
Vol XV, No 2, 1936) 

The oral administration of protein hydrolysates 
D Bailbt Calvin and Edgar J Both (by invita- 
tion) Depts of Biological Chemistry and Surgery 
Univ of Texas, Medical Branch, Galveston Partial 
acid hydrolysis of casein yields products which 
are tasteless if the hydrolysate does not contain 
ammo acids Various of these products (Essen- 
aimne,’ M and MC modifications of Essenamine) 
have been studied to determine absorption, excre- 
tion, maintenance of plasma protein levels, and 
nitrogen balance 


1 Furnished by Fredenck Steame 
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The physical charactenstics of these substances 
are such that large quantities can be administered 
by ingestion, or by stomach tube if necessary, to 
give high mtrogen intake in a practically residue 
free diet 

The plasma protein level, and a positive nitrogen 
balance has been maintained over a period of four 
months when no other source of mtrogen contaimng 
food was available 

Sodium succinates as an analeptic in man 
C J Campbell (by invitation), J P Maes, and 
R H Bareett (by invitation) From the Dept 
of Physiological Sciences, Dartmouth Medical 
School Fifty surgical patients m deep pentothal 
sodium anesthesia received intravenous injections 
of a stenle 30% aqueous solution of disodium suc- 
cinate he\ahydrate (Brewer Company, Worcester, 
Massachusetts) in amounts varying from 2 to 200 
cc No toxic symptoms occurred The sequence of 
events was usually dramatic Typically within 15 
to 20 seconds the patients coughed, Within 30 to 
120 seconds a deep flush appeared in the blush area 
The respiratory rate increased transiently and the 
blood pressure returned to preanesthetic levels 
With adequate amounts, the individual would be 
awake and oriented in 10 to 15 minutes Ambulatory' 
patients were able to walk unassisted within 20 
minutes Isosmotio solutions of NaCl failed to 
produce similar results 

In 8 cases of attempted suicide by other barbitu- 
rates and in 2 cases of morphine poisoning the results 
wore similar 

In normal unanesthetized human volunteers 
6 cc of 10% solution injected intravenously pro- 
duced no toxic effects A blush appeared as de- 
scribed above, accompamed by a feeling of warmth 
Flushing was sometimes succeeded by pallor within 

I minute Oxygen consumption, respiratory rate 
and depth, blood pressure and pulse rate were but 
transiently and slightly affected The oral tempera- 
ture did not change The outstanding symptoms 
(20-30 seconds after injection) was a transient 
feeling of suffocation This was followed by approxi- 
mately 30 seconds of irregular respiration 

One cc of 30% succinate was injected intra- 
venously into decerebrate cats Within 20 seconds 
there occurred for 2 or 3 respiratory cycles an 
exaggeration of the normal respiratory movements 
of the glottis 

Studies of stllbcstrol monomcthyl ether A 
Cantarow, A E IlAKorr (by mvntntion), and 
K E Paechkis Jefferson Medical College, Phila- 
delphia, Pa (Read by title) Largo amounts of 
estrogen were found m the bile of mcnojxausal 
nomcn receiving therapeutic doses of stllbcstrol 
monomcthyl ether orally, and in the bile of dogs 
after intravenous and intramuscular injection 
Biltan excretion of estrogen continued for at least 

II davs after intramuscular injection Evidence 


was obtained that at least a portion of the biliary 
estrogen after intravenous injection is m the form 
of stilbestrol monomethyl ether 
Rats injected mtramuscularly with 100 gamma 
continued in estrus for 12-20 days With this 
dosage, no estrogemc activity could be demon- 
strated in the injected tissues or the viscera after 
three days When 1 mg was injected, extraction 
of the injected tissues after three days yielded 
quantities of estrogen equivalent to 10-20% of that 
injected when the volume of oil employed was 0 1 
cc and 40% when the volume of oil was 1 0 cc 
After SIX days, these values were less than 6% 
and about 30% respectively 
These data suggest that the prolonged estrus 
after relatively large intramuscular injections of 
stilbestrol monomethyl ether probably are not due 
entirely to a local dejiosit effect and that the latter 
depends to some extent upon the volume of oil in 
which the estrogen is injected Admimstration of 
this estrogen is followed by biliary excretion of 
large amounts of estrogemcally active matenal, as 
has been found previously with stilbestrol, alpha- 
estradiol, ethinyl estradiol and estrone 
Physiologic effects of bilateral cerebellar re- 
movals in the primate R M E Cakrea (intro- 
duced by Fred A Mettler) Dept of Neurology, 
College of Physicians and Surgeons, Columbia 
Univ , N Y C Disturbance of equilibrium follows 
removal of flocculus, or nodulus, uvula and lingula 
(less marked and different in former) Symptoms 
are more marked if paraflocculus is also removed 
(parafloccular removal alone is unproductive) and 
more endunng if occipital lobes arc ablated Un- 
steadiness, common in all cerebellar removals, is 
most conspicuous in these lesions Ablation of 
remaimng venms produces transient trunk ataxia, 
without abduction, and intermittent fine, rapid, 
static head tremor Similar results follow ablation 
of roof nuclei, but tremor is more conspicuous 
Removal of lobulus paramedianus, ansiformis and 
pyramid produce transient weakness, decreased 
resistance to passive movement and reduced motor 
performance in legs Ablation ofculmcn and lobulus 
simplex produce dy smetna and intention tremor in 
homolatcral upper limbs (which recover in forty 
days) and transient reduction in motor jierform- 
nnee of homolatcral leg Summation of the two last 
mentioned removals produces coarser dy smetna, 
more marked intentional tremor (persisting dunng 
relaxation) and more pronounced ataxia and rcduc 
tion of motor performance Removal of dentafes 
produce intense ataxia and coarse d\ smetna which 
at first present onlv dunng activitv finally becomes 
established at rest Extensive removals of cortex 
and nuclei produce a compound of the above 
mentioned disturbances but there is neither static 
shaking nor tremor Complete recovery has not 
occurred in cightv days 
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Postoperative extensor increase in resistance to 
passive movements was present immediately after 
removal of dentates and after complete decortica- 
tion and for two days after extensive decortication 
with removal of the nuclei 

Recovery is impaired by enduring reduction of 
motor performance 

Number of spermatozoa required for the fertili- 
zation of supcrovulated eggs In the rabbit M C 
Chang (introduced by G Pincus) irorccstcr 
Foundation for Experimental Biology, Shreioshury, 
Massachusetts The relation of the number of eggs 
to the number of spermatozoa required for fertili- 
zation was examined In mature animals (1) 
Ovulation induced by sterile copulation or gonado- 
trophin produced an average of 9 eggs and required 
a BUTumaJ sperm mzmbor of 475,000 inscmmatcd 
artificially to fertilize all eggs (2) Reduction to 
92,000 resulted in 67% fertilization (3) Superovu- 
lation induced by gonadotrophin resulted in 21-73 
eggs 73% were fertilized by the same sperm con- 
centrate as used in (2) (4) In superovulation, 
varying the number of sperm from 80,000 to 40,000, 
a marked decrease in the percentage of fertilized 
eggs was obtained (7-14%) In “normal” ovulation, 
no fertilization was obtained with this amount of 
sperm (5) Thus the number of eggs to be ovulated 
appears to be of no significance in determining the 
minimal sperm concentration in mature animnls 

In immature animals 13 does were ovulated us- 
ing gonadotrophin yielding 2 to 10 eggs When 
sperm concentrations varying from 475,000 to 65,000 
were inseminated only 1 of 51 eggs (2%) wore fer- 
tilized 9 does superovulated by repeated injections 
yielded 15 to 75 eggs per doe Using a sperm con- 
centration of 238,000 to 65,000, 11 eggs from 5 of 
the 9 does were fertilized altho the percentage was 
only 3 4 Here either the high number of eggs or 
the maturing of female organs due to longer injec- 
tion tune may explain the finding 

Representation of muscles in the motor cortex 
of the macaque H T Chang (by invitation), T 
C RucHandA A WAHn,jH (by invitation) Lahy 
of Physiology, Yale Umv School of Medicine, New 
Haven The responses to cortical stimulation of the 
muscles acting over the ankle joint have been re- 
corded kjmiographically with isometric levers 
Eight muscles were recorded simultaneously from 
muscles “isolated” by appropnate dissection of 
tendons and nerves of the legs , all muscles acting 
over the ankle have been examined in different 
experiments The leg area was systematically- 
mapped mm by mm , using umpolar electrodes 
and a Goodwin stimulator Nine monkeys under 
light Dial anesthesia were employed Considerable 
variation in the maps from ammal to animal was 
found, but a much greater consistency of response 
pertains for a given monkey on the same or suc- 
cessive days Anatomical flexor muscles, with the 


exception of tibialis postenor were rarely respon- 
sive Tibialis anterior, Abductor hallucis longus. 
Extensor digitorum longus, and Extensor hallucis 
longus and Tibialis postenor were most active 
Restricted regions or bands arc found from which 
single muscles or a fraction of the muscle group are 
moat readily activated This is manifested by 
threshold, tension production and latency, and 
speaks for a concentration of representation of 
single muscles Areas relatively silent for all mus- 
cles under observation were found In two experi- 
ments benzedrine greatly increased the responses 
to cortical stimulation 

The dark adaptation of the color anomalous. A 
CiiAPANis (introduced by E A Pinson) Loby of 
Physiological Psychology, Yale Umv , New Haven, 
Conn , and Aero Medical Laby , Air Technical 
Service Command, Wnght Field, Dayton, Ohio 
Dark adaptation measurements using red and violet 
test lights were made with a Hecht-Shlaer Adap- 
tometer under three conditions (1)3 "light viewed 
7" tcmiiorally, (2) light viewed centrally, and 
(3) light viewed 7° temporally The subjects 
were six deuteranopic or dcuteranomalous, eight 
protanopic or protanomalous, and eight color 
normal individuals 

Dark adaptation curves for the deuteranopic and 
dcuteranomalous subjects arc indistinguishable 
from those for color normal subjects 

Violet dark adaptation curves for the protanopic 
and protanomalous subjects are normal For the 
same subjects, red dark adaptation curves meas- 
ured 7° peripherally wnth the 3" light reach an 
initial plateau about IJ log units above the normal 
thresholds to red light during the first 12 minutes, 
show a second decrease from 12 to 22 minutes, and 
form a second plateau wnth normal threshold values 
from 22 to 40 minutes Foveal thresholds measured 
with the red light reach a level about 1} log 
units above normal during the first eight or nine 
minutes and do not change thereafter Peripheral 
measurements with the i° red hght resemble those 
made wnth the 3° red light except that the terminal 
thresholds from 22 to 40 minutes remain about J log 
umt above the normal values 

Although these data are not in agreement with 
certain recent hyjxitheses regarding the rod func- 
tion of the color blind, they are consistent wnth and 
can be derived from other known data regarding the 
sensitivity of the rods and cones 

The effect of sex hormones on the dominance- 
subordination relationships of the castrate female 
chimpanzee George Ceark and Herbert G 
Birch (by invitation) Yerhes Labys of Primate 
Biology, Orange Park, Florida The validity of the 
concept that rise in estrogen level decreases ag- 
gressiveness and evokes subrmssive behavior is 
made questionable by the fact that in the female 
chimpanzee increase in donunance accompames 
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autogenous cyclical nse m estrogen level This in- 
formation comes from observations on intact am- 
malB in whom hormone level was uncontrolled In 
the present study three ovaneotomized, and hys- 
terectomized adidt females were studied to deter- 
mine the effects on social-dominance behavior of 
constant dosages of alpha-estradiol (2 mg /day) 
and methyl-testosterone (50 mg /day) 

Both androgen and estrogen reliably improved 
the dominance score of the treated animal in a 
food competition situation The increased domi- 
nance under androgen persisted for several weeks 
after cessation of treatment Estrogen therapy 
increased dominance m proportion as it produced 
swelling and engorgement of the ano gemtal area, 
and dominance so induced disappeared with de- 
tumescence Since estrogens induce submissive 
behavior in the male-castrate chimpanzee in whom 
no gemtal swelling occurs, it seems likely that it is 
the imtative effect of swellmg which tends to 
increase aggressiveness in the estrogen-dosed fe- 
male chimpanzee 

An examination of the literature on mating be- 
havior, and social-dominance behavior of female 
mammals, indicates that estrogen-dominance is not 
umque in the female chimpanzee It seems that the 
general theory of submissiveness as a female char- 
actenstic has ansen out of a confusion of the female 
role in the mating per «c with submissiveness 
Little valid evidence exists to support such a con- 
tention 

EtTeel of ingestion of food and fluid on tolerance 
of human subjects to positive acceleration 
WianiAM G CiABK and Helen Joeoenson (by 
invitation) JDcpt of Atnalion Jlfedicine, Umv of 
Southern California, Los Angeles The effects on 
gram tolerance of the ingestion of 1 5-2 0 liters of 
water or milk, or a heavy meal were studied in eight 
centnfuge-traincd subjects during the course of 
200 centrifuge runs The centrifuge attained 
maximum acceleration at the rate of 3 grams per 
second and maintained it for 15 seconds Tolerance 
to gram was determined from recorded responses 
to visual and auditory signals and to changes in 
car opacity (blood content of the car) In addition, 
intrarcctal pressure changes were recorded 

A small increase in gram tolerance was induced 
bj a full stomach which averaged 0.3-0 4 gram 
(range from 0 0 to 1 1 gram) In relaxed subjects 
with an empty stomach, the average increase per 
gram in intrarcctal pressure was 18 5 mm Hg The 
increase due to fluid ingestion is slightlj greater, 
being 7-0 mm Hg at 3 and 4 grams, respectively 
The intrarcctal pressure increase induced bv volun- 
tarv muscular and rcspimtorv straining is of the 
order of 40 mm for 1 gram protection When 
div idcd into 7-0 mm , this giv es 0 2 gram protection 
at this level of gram, which is good agreement 

F tom the work of others , blood pressure increases 


due to flmd or food mgestion are too shght to ex- 
plain the effect Fluid and food ingestion has been 
shown by others to increase cardiac output without 
evoking vasomotor mechamsms or causmg dis- 
placement of blood from the somatic tissues to the 
visceral organs Increase m intra-abdominal pres- 
sure caused by the ingestion seems the logical 
explanation of the effect, just as gram tolerance can 
be en han ced 0 5-0 8 gram by increasing mtra- 
abdominal pressure by pressurized abdominal belts 
and bladders in anti-blackout siuts [The work 
described m this abstract was done under a contract 
recommended by the Committee on Medical Research, 
between the Office of Scientific Research and Develop- 
ment, and the Univ of Southern California 
Efl'ect of hyperglycemia and insulin hypogly- 
cemia on man’s tolerance to positive acceleration 
WniiAM G Claek, I D R GAEniNEE (by invita- 
tion), A K McInttbe (by invitation), and Helen 
J oBOENSON (by invitation) Dept of Amalton 
Medicine, Unto of Southern California, Los An- 
geles (Read by title) Hyper^ycemia induced by 
the ingestion of two grams of sugar per kilogram 
body weight, and insulin hypoglycemia at a level 
of 50-55 mg % blood sugar concentration, had no 
sigmficant effect on the gram tolerance of three 
trained centnfuge subjects, studied during the 
course of 43 centnfuge runs The centnfuge at- 
tained maximum acceleration at the rate of 3 grams 
per second and maintained it for 15 seconds The 
sugar or insulin was admimstered after a 12 hour 
fast The centnfuge assays of gram tolerance were 
performed dunng the hypoglycemic state and were 
repeated after return to normal, and dunng the 
normal state after a 12 hour fast, following by the 
hyperglyceimc state The average umts of plain 
insulin injected subcutaneously per kilogram per 
hour averaged 0 17 Tolerance to G was determined 
dunng a senes of centnfuge runs at levels of gram 
which kept vision clear, up through those which 
caused blackout, by changes in recorded responses 
to visual and auditory signals and by changes in car 
opacity (blood content of the car) [The work 
described in this abstract was done under a contract 
recommended by the Committee on Medical Research, 
bcfujccn the Office of Scientific Research, and De 
vclopment and the Univ of Southern California ] 

The effect of positive acceleration on fluid loss 
from blood to tissue spaces In human subjects on 
the centrifuge 'WnxiAM G CiJinK, I D R 
GAnnivEE (bj inntation), A K McInttbe (by 
invitation), and Helen Joegensos (bj invula- 
tion) Department of Analion Medicine, Unir of 
Southern California, Los Angeles (Read bj title ) 

\s estimated by hematoents and plasma protein 
determinations, fluid lo's from blood to ti«uc 
spaces occurred in six seated human subjects on 
the centnfuge At near blackout lev cla of G (3 5 
to 5 0 G) maintained for 3-5 minutes, a 'ignificanl 
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loss of fluid (3 G-4 5 cc /lOO cc blood, or 21G~270 
cc total) uas found The loss in four subjects ex- 
posed to 4 G for 6 minutes uas reduced by anti-G 
suits to an average of 75% (range 28-90%) of their 
loss ^vhen unprotected In two cases subjected to 
3 5 G for 5 minutes, the loss was less than that of 
the four subjects exposed to 4 0 G for 5 minutes 
In one subject submitted to 5 G for 3 minutes, the 
loss w'as loss than that he obtained at 4 G for 6 
minutes, although after-effects were noticed in 
vision A smaller loss (132 cc total) occurred in 
one of the subjects wdio had 30 runs of 4 7 G for 10 
seconds wuth a 2 minute interval between runs, 
than occurred in the same subject after a 5 minute 
uninterrupted run at 4 0 G (2S8 cc ) 

At 4 0 G, the fluid losses observed w ere much less 
than those reported elsewhere for centrifuged dogs, 
but recovery occurred more rapidly The losses also 
were less than those reported elsewhere for postural 
changes of humans from the recumbent to the up- 
nght positions It is unlikely that fluid losses due 
to G contribute to any fatiguing effects or detn- 
mental residual effects possibly resulting from posi- 
'' tive acceleration experienced by test pilots or 
"J ter pilots in combat [The work described in 
IS abstract was done under a contract recommended 
by the Committee on Medical Research, between the 
Office of Scientific Research and Development, and 
the Univ of Southern California ] 

The effect of environmental temperature upon 
man’s G tolerance C F Code, E J Baldes, 
E H Wood, and E H Lambeut, Acceleration 
Laby , Mayo Aero Medical Unit, Rochester, Minne- 
sota The g tolerance (capacity to withstand in- 
creased positive accelerative forces) of fifteen 
normal men has been studied in a cool environment 
(average 63 °F , 72 per cent relative humidity) and 
contrasted with that obtained in the same subjects 
in a warm humid environment (average 89 "F , 77 
per cent relative humidity) 

The g tolerance was determined on the human 
centrifuge (accelerator) by means of an assay pro- 
cedure based upon the recognition and recording 
of the subjective visual sjmptoms and the objec- 
tive measurement of changes in ear opacity (blood 
content of ear), ear pulse and heart rate during 
exposures to acceleration (g) 

As determined by these criteria the g tolerance 
of the group was uniformly lower in the warm than 
in the cool environment The visual symptoms, ear 
opacity, ear pulse and heart rate changes of the 
group showed average reductions in tolerance of 
0 9, 0 7, 0 8 and 0 7 g, respectively, indicating that 
in the warmer environment the overall g tolerance 
of the subjects was lower on the average by 0 8 g 
[W orh done under contracts with (I) United States 
Army Air Forces, Wright Field, Dayton, Ohio, and 
[2) the Office of Scientific Research and Develop- 
ment, National Research Council, Washington, 
D C] 


Hydrostatic nnti-blnckout protection, the pro- 
tection afforded man against the effects of positive 
acceleration by immersion in water (motion 
picture) C F Code, E II Wood, E J Baldes, 
Acceleration Laby , Mayo Aero Medical Unit, 
Rochester, Minnesota The motion picture shows 
the methods used in this study and illustrates the 
average protections afforded man against the effects 
of positive acceleration by immersion in water 

The study was carried out on the human centn- 
fugc A specially constructed bath tub was placed 
in the gondola or cockpit of the centnfuge The 
subjects Kit in this tub in the same position ns that 
assumed by a pilot in a fighter airplane Each test 
included the determination of the subject’s g toler- 
ance while sitting in the tub — first, without water, 
then with water added to various body levels, and 
finally again without water as a re-check of the 
control determinations On the average, immersion 
in water to the x-yphoid gave 0 9 g protection and 
immersion in water to the level of the third nb 
gave 1 7 g protection [WorA, done under contracts 
with (I) United States Army Air Forces, Wnght 
Field, Dayton, Ohio, and {£) the Office of Scientific 
Research and Development, National Research 
Council, Washington, DC] 

Some relationships in the response of rectus 
abdominus muscle to acetylcholine and potassium 
Saul L Cohen (introduced by Robert Gesell)) 
Univ of Michigan Assay's for acetylcholine m 
brain extracts by use of the frogs’ rectus abdominus 
showed disproportionate vanations with dilution 
The possibility that the interfering substance(s), 
which continued to give a reaction after alkali de- 
struction of the acetylcholine, might be potassium 
was investigated 

The test muscle showed responses to the presence 
of excess potassium (2-6 times the amount in nor- 
mal Ringer’s solution) sirmlar to those shown for 
acetylcholine The response to solutions contaimng 
both acetylcholine and excess potassium was es- 
sentially one of summation The dose-response 
curve for potassium, however, is much steeper 
than for acetylcholine, this might be expected for 
the substance (s) responsible for the assay diffi- 
culties of brain extracts That potassium elicits a 
muscle response by some method other than 
through effecting a release of acetylcholine is also 
indicated by (1) the failure of eserimzation to en- 
hance the response to potassium and by (2) the 
differences of COi and NaHCOi influences on the 
muscle response to potassium and acetylcholine 
The sensitivity of the muscle to test solutions was 
enhanced by repeated exposure to either nerve- 
tissue extracts (cf also Feldberg, 1943) or to the 
“excess potassium’’ solutions 

The possibility that potassium in nerve-tissue 
extracts is responsible for the limitations in the 
frog muscle tests for acetylcholine is thus sup- 
ported 
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Plasma renin sabstrate lerels during adrenal 
insufficiency W D Coiiaos, Eric Ooden and 
A N Tatlor (by invitation) Dept of Physiology, 
Vniv of Texas Medical School, Galveston, Texas 
Assays of plasma remn substrate were done before 
and during 6 episodes of adrenal insufficiency in 3 
adrerudeotonuzed dogs and on 2 dogs during re- 
covery from adrenal insufficiency 
Remn substrate content was assayed by injecting 
into pitbed or anestbetized cats 0 5 to 2 0 cc of 
plasma mixed witb 0 3 umt of hog remn per cc of 
plasma Before testing, the mixture was incubated 
for 10 minutes at room temperature The sensi- 
tivity of each assay animal was checked against 
normal dog plasma and a “standard” angiotomn 
preparation 

Clinical signs of adrenal insufficiency were pro- 
duced by stopping supportive injections of desoxy- 
corticosterone acetate The fall in blood pressure 
which 18 a late result of insufficiency apparently 
begins before any detectable change in the plasma 
remn substrate content Terminally, substrate 
fell to one half or less of the ongmal level Under 
supportive therapy, recovery from insufficiency 
was generally complete in a week or less but the 
substrate level was not restored until the 6th week 
To imitate the hcmoconcentration and blood 
pressure decrease charactenstic of adrenal insuffi- 
ciency, one dog received 70 cc per kg of 6 5% 
glucose intrapentoneally This produced a 15% 
increase in hemoglobin and packed red cell volume 
and a drop in blood pressure from 125 to 74 mm Hg 
No change in plasma rerun substrate was detected 
although blood samples were taken at 1 5 to 2 hour 
intervals [Aided by the John and Mory R Marl le 
Foundation ] 

Crush syndrome (post-traumatic anuria) A C 
Corcoran and Ini ine H Paob From the Research 
Division of the Cleveland Clinic Foundation, Cleve- 
land, Ohio A study of crush sj ndrome has shown 
(1) that excretion of myoglobin by acidunc normal 
dogs causes recoverable renal injury , the degree of 
which 18 proportional to the amount of pigment 
retained and which affects chiefly tubular secretory 
capacity (2) Injection of large doses of hematin in 
normal dogs causes severe renal injury (3)Thc in jury 
caused by myoglobinuria may be due to conacrsion 
of retained pigment to hematin within the tubule 
(4) Prolonged hy potension due to bleeding pro 
\ okcB a renal X osoconslnction which is not released 
b\ tmnsfusion of blood and (5) a more intense and 
immediate \asoconstnction is elicited by applica- 
tion of limb tourniquets By exclusion of other 
factors and bx demonstrating x-asoconstnetor sub- 
stances in the blood after bleeding or tourniquet 
application it was concluded tliat this x-asoconstric- 
tion IS humoral m origin and probablx duo to 
substances released from injured tissue Since in 
dogs (0) the degree of persisting renal injurr 
eaused bx my oglobinuna alone xvas not severe and 


since severe vasoconstnctive renal ischemia due to 
bleeding or tourniquet application alone or com- 
bined xnth myoglobm injection more commonly 
resulted m death from shock than survival xvith 
renal failure, we turned to the study of another 
species 

In rats (7) severe renal injury folloxvs crushing of 
one hind leg when combined vnth infection of 
myoglobin A lesser injury results from crushing 
without myoglobm injection, and myoglobm in- 
jection in normal, acidunc rats causes no sigmficant 
damage "We therefore conclude (8) that clmical 
crush syndrome is probably the combined result 
of vasoconstnctive renal ischemia and simultane- 
ous liberation of myoglobin into the blood [The 
wort described tn this paper was done under a con- 
tract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Development and the Lilly Laby for Clinical 
Research, Indtonapohs City Hospital ] 

Cliniced standardization of the antimalarial 
properties and the toxicity of plasmochin ad- 
ministered alone and concurrently with quinine 
Branch Craioe, Jr , (by mvitation) , Ralph 
Jones, Jr , (by invitation) , TnEonoRE Pcllxian, 
(by invitation) , C Merrill Whorton, (by mxu- 
tation) , Lillian Eichelbergeb, (by invitation ) , 
and Alt S Alvino The Malarial Research Unit 
Dept of Medicine, The Univ of Chicago Smton 
has reported that plasmochin and quimne given 
concurrently possess curative antimidanal proper- 
ties exhibited by neither drug alone Following the 
confirmation of this observation tor the Chesson 
strain of xuvax malana by Shannon and his co- 
workers, a systematic study of these compounds 
was undertaken at the request of the Panel on 
Clinical Testing of the Board for the Coordination 
of Antimalanal Studies Standardized procedures 
for the administration of plasmochin and quimno 
were developed by xurying the daily dose of 
plasmochin in 14-day therapeutic trials during 
cither pnmary, or first and second relapses of 
(Chesson) xnvax malana Non immune inmate 
xoluntcers at Statcxnlle Pcmtcntiary have serxed 
as subjects 

A dcscnption and discussion of the standardized 
procedure, which has prox ed useful as a standard of 
rcfcTCncc for rapid clinical evaluation of sex era! 

8 amino quinoline compounds other than plas 
mocbm, will be presented [Worf done under con- 
tract with the Office of Scientific Research and De- 
velopment ] 

Cardiovascular and respiratory responses to 
emotion in psychopathic subjects and controls 
L A Crandxll, Jr and T S Hill (bx inxiis- 
tion) From the Dept of Physiology and Psychiatru, 
College of Medicine, Univ of Tennfee, Memphis 
Rc'piraton moxcmcnls, clianges in blood prc'^ure, 
and frequently skin rc'istance were recorded bx a 
Keeler polxgraph Subjects were medical students 
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other “normal” volunteers, and mental patients 
All were asked fifty questions while records wore 
being obtained 

Most subjects responded to some of the questions 
by increases in blood pressure Those increases 
occur within one or two seconds, and may or may 
not be accompanied by changes in heart rate They 
are too prompt to be duo to release of epinephrine, 
and are presumably attributable to vasocon- 
striction 

When the records of subjects without mental 
disease are compared with those of patients, cer- 
tain differences are obvious The respiratory pat- 
terns of the latter tend to be irregular in rate, am- 
plitude, and baseline, and there arc frequent sighs 
This phenomenon has been observed previously 
(Alexander, F , and L J Saul Psychosomatic Med 
2 110, 1940, and Keeler, L , unpublished) The 
blood pressure responses of these patients also 
tend to be prolonged (over 30 seconds) as compared 
with “normal” subjects 

This procedure may 1 detect abnormal visceral 
responses characteristic of certain mental diseases, 
and, 2 determine the general nature of the pa- 
lent’s conflicts The latter use has proved time 
ving and has elucidated material not obtained by 
revious interviews 

Activation of tissue elements by slow neutron 
exposure By H J Gunns and J D Tekesi (by 
invitation) From Clinton Labys , Oak Ridge, 
Tennessee When tissue is exposed to bIow neutrons, 
a nuclear reaction takes place betw'een the neutrons 
and the various atoms of the tissue This reaction 
will release energy within the tissue in the form of 
various types of radiation, and will also produce 
radioactive isotopes which slowly decay and release 
further energy within the tissues The present 
study concerns itself with the isotope production 
Phosphorus, sodium, potassium and chlonne are 
the most important body elements in this regard 
Calculations can now be made of the quantities of 
these isotopes formed and their biological effects 
These have been checked experimentally in two 
ways In the first place mice were exposed to slow 
neutrons from the Clinton graphite pile, and the 
exposures momtored by means of copper or indium 
foils The ammals were sacrificed at some defimte 
time after exposure and vanous tissues analyzed 
quantitatively for P**, Na”, K'** and Cl*® In all 
cases the predicted amount was found within ex- 
perimental error Next, rats were exposed to slow 
neutrons and the excreta examined for P** and 
Na** From an analysis of the diet, the radioactive 
sodium excretion was as predicted assuming the 
excretion to be a true aliquot of all of the Na m 
the body About one-third of the phosphorus acti- 
vated in this way was excreted as an aliquot of the 
total body phosphorus, about one-third was ex- 
creted only slowly and the remainder appeared to 
be immobile 


On the membrane hypothesis of the antigen- 
nntibodj reaction Sit, via L D’AnnEnoo (by invi- 
tation) and W A Selee, Dept of Physiology, 
Medical School, Univ of Texas, Galveston The 
latent period prior to the specific anaphylactic re- 
action of the isolated ileum of guinea-pigs was found 
to be the same whether a low or high molecular 
weight antigen was used Guinea-pigs were sensi- 
tized to both hemocyanin (molecular weight about 
7 million) and to egg albumen (molecular weight 
about 35,000) After three weeks segments of the 
ileum were treated according to the Schultz-Dale 
technique A latent penod of about 45 seconds was 
observed for each of the antigens 

If diffusion into cells takes place, there should 
be a longer latent period pnor to the contractile 
response for antigens having a high molecular 
weight In face of the actual demonstration that 
the Intent period is the same whether the antigen 
is of low or high molecular weight, it would seem 
reasonable to assume that the reaction takes place 
on the surface of the cell as Doerr has postulated 

The respiratory exchange in human subjects 
during prolonged exposures to moderately low 
simulated altitudes Saving A D'Angelo (in- 
troduced by Harry A Chanpper) Aero-Medical 
Laby , Wright Field, Dayton, Ohio and Dept of Bi- 
ology, Washington Square College of Arts and 
Science, New York Untv , N Y (Read by title) 
Prolonged exposures (ten hours) to simulated alti- 
tudes of 8,000 and 10,000 t without supplementary 
oxygen and under conditions of restneted food in- 
take produced changes in the respiratory metab- 
olism of resting human subjects The degree of 
change was of the same order of magnitude at both 
altitude levels 

The modifications in the respiratory metabolism 
resulting from the prolonged stays at these alti- 
tudes were collectively indicative of a respiratory 
alkalosis and involved 1 ) an increase in pulmonaiy 
minute volume and COj elinunation which became 
progressively greater, relative to ground level 
values, with time of exposure 2) elevation of the 
R Q 3) a shifting of the urinary pH toward al- 
kalinity in subjects showing appreciable hyper- 
ventilation (blowing off of COt) No sigmficant 
changes in the over-all oxygen consumption, oral 
temperature, or respiratory rate were found 

The physiological changes which occurred during 
the prolonged exposures to the 8,000 and 10,000 ft 
levels were reflected in behavior differences (som- 
nolence, irritability, inattention, lack of volition, 
and fatigue) which, while not quantitatively as- 
sayed, were highly suggestive of psychologic 
deterioration Obvious differences existed among 
subjects regarding tolerance to the prolonged 
exposures Altitude tolerance appeared to be best 
correlated with differences in the R Q subjects 
who tolerated altitude poorly displayed little or 
no change in respiratory quotient, whereas, in 
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those tolerating exposures relatively vreU the R Q 
was significantly elevated 
Urine volume and phosphorus excretion in 
human subjects during prolonged exposures to 
moderately low simulated altitudes Saving A 
D’Angelo (introduced by Harry A Chanpper) 
Aero-Medical Lahy , Wnghl Field, Dayton, Ohio, 
and Dept of Biology, Washington Square College 
of Arts and Science, New York Univ (Read by 
title) Unnary secretion and phosphorus excretion 
were studied in five subjects over 10 hour exposure 
periods at simulated altitudes of 8,000 and 10,000 
ft under conditions of standardized food and water 
intake No appreciable change in total urme output 
from the ground level values was found at either 
altitude studied The most charactenstio feature 
of urine elimination was the considerable degree of 
variation encountered from run to run despite the 
carefully controlled food and water intake 
The total unnary excretion of morgamc phos- 
phorus was sigmficantly decreased in all subjects 
at altitude The reduced excretion became ap- 
cretion became apparent early m the exposure 
penod at either the 8,000 or 10,000 foot level The 
rate of excretion increased with increasing exposure 
time The reduced phosphorus output bore no re- 
lationship to the unne output, nor could it bo 
directly correlated with changes in respiratory 
metabolism or in blood sugar level 
These experiments provide evidence to indicate 
that alterations m the nuneral metabolism may 
occur in the human orgamsm at altitudes as low ns 
8,000 ft 

Autonomic and electrocncephalographlc effects 
of posture Chester W Darrow, Julian Path- 
man (by invitation) and Warren Morse (by 
invitation) Inst for Juvenile Research, Chicago 
(Read by title ) Inability m certam instances to 
demonstrate expected autonomic effects on the 
electroencephalogram (EEG) suggested possible 
compensatory effects by moderator (carotid sinus?) 
nerves A test of effects of posture on autonomic 
activity and EEG offered an approach to the prob- 
lem Emotional effects of unusual or insecure pos- 
tures have, however, to be taken into account 
Subjects were arranged for autonomic and EEG 
recording on a tilting table Blood pressures were 
recorded from the wrists bold across the chest 
Tilting to a 45“ feet down position typically in- 
creased blood pressure, heart rate, palmar skin 
conductance, and voltage of EEG at alpha fre- 
quency The effect was reversed on return to hori- 
zontal Tilling 30“ from honrontal toward a head 
down position had variable effects depending on 
emotional concomitants When blood pressure and 
heart rale decreased with httlc change in skin 
conductance (indicating relatively uncomplicated 
effects) alpha potential was reduced When, ns was 
more often the case, change toward the head down 
position was attended by increase of blood pres- 


sure, heart rate, and palmar skm conductance 
(emotional effects?), there was an increase of alpha 
compared with level Increased heart rate and 
skin conductance were more consistently related to 
increased alpha potential than were cither posture 
or blood pressure 

Carotid sinus compensation accounts for many 
otherwise unexplained autonomic-EBG relations 

Autonomic significance of "blocking” and 
“facilitation” m electroencephalogram Chester 
W Darrow, Julian Pathman (by invitation), 
and Warren Morse (by invitation) Inst for 
Juvenile Research, Chicago "Blocking” of alpha 
rhyrthm by stimulation has been explained as a 
breaking of thalamo cortical resonance “Facilita- 
tion” of alpha may involve increased 10±/ sec 
dnvmg of the cortex Thus, amount of alpha ac- 
tivity may represent the balance between cortical 
felt-work fast activity (favonng vasodilatation) 
and subcortical 10±/ sec regulation of that activity 
(favonng vasoconstnction) 

It 18 shown that when both cortical and sub- 
cortical activity are minimal (drowsiness and 
sleep) low level autonomic activity is associated 
with a flat or slow EEG, and stimuli arousing the 
subject elicit alpha activity simultaneously with 
changes indicating mobilization of the autonomic 
system 

In the already aroused but mentally inactive 
individual alpha activity is optimum Under these 
conditions stimuli increasing cortical activity 
“block” the alpha rhythm However, strong emo- 
tional and autonomic (subcortical?) excitation may 
be attended by increased alpha amplitude Also 
following moderate stimuli in persons with low 
voltage waking EEG, increased voltage at 10±/ 
sec in motor leads is often demonstrable during the 
latent penod of the palmar galvamc (sympathetic) 
response 

It IB postulated that fast activity and opposed 
lO-h/ sec resonance in the brain provide a mechan- 
ism by which cortical and subcortical (thalamic, 
hypothalamic) structures mutually regulate ono 
another Effects of these frequencies on the auto- 
nomic system may contnbutc to correspondence 
between EEG frequency and cerebral vasomotor 
tone 

Rapid bursts of oxygen consumption In stimu- 
lated muscle P W Davies (introduced by D W 
Bronk) Johnson Foundation, Unit of Pennsyl- 
vania, Philadelphia Evndcncc has been found that 
there is a rapid onset of oxygen consumption 
during a single twitch in frog striated muscle 

This has been obtained with the aid of the oiy gen 
cathode dc«cnbcd bv Davnes and Bronk (RSI, 
13, 524, 1042) In these experiments the cathode 
was an open style antimony micrxxilcctrodc applied 
directly to the surface of the active fibers Its cur 
rent readings were proportional to muscle oivgcn 
tension 
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When stimulated with a single shock, the tension 
in the muscle fibers quickly begins to fall, reaches 
a mimmum within J sec, and rises again to its 
initial level within 2 seconds The shape of the 
curve indicates an initially rapid consumption 
which very soon falls back to a near-normal level 

If the muscle is stimulated ropetivoly, the suc- 
cessive curves summate, their sepamto minima 
being observable if the rate of stimulation is not 
too great 

Temporary hearing-loss following exposure to 
loud tones. H Davis, C T MonoAN, J E 
Hawkins, Jr , R Galambos and F W Smith 
(byinvitation) Dept of Phyexology, Harvard 
Medical School, Boston Nineteen men were re- 
peatedly exposed to pure tones at 110, 120 and 130 
db for 1 to G4 minutes 

Temporary impairment of hearing was regularly 
produced Some men were much more susceptible 
than others , but none showed cumulative injurious 
effects 

No significant elevation of auditory threshold is 
produced for tones of frequency lower than the 
exposure tone The greatest hearing-loss occurs 
about half an octavo above the exposure tone With 
brief exposures the loss is usually confined to the 
two octaves above, but with the longer exposures 
the hearing-loss often involves all tones above the 
exposure frequency One-thousand- and 2000-cycle 
tones are about equally, 4000 cycles is more, and 600 
cycles 18 much less effective Hearing-loss develops 
most rapidly during the first minutes and then 
progressively more slowly Recovery is most rapid 
in the first hours, but for a 60-db loss may require 
4 or 5 days to be complete Recovery for 4000 cycles 
IS slowest whatever the frequency of the exposure 
tone The loss IS a “nerve deafness” With a thresh- 
old elevation of 60 db there may be only 6 db loud- 
ness-loss at the 100-db loudness-level 

A heanng-loss restricted to a narrow range of 
frequencies may be associated with very severe 
distortion of pitch-perception (diplacusis) Tones 
of certain frequencies sound noisy and impure or 
may be abnormally elevated in pitch by as much as 
three-quarters of an octave The major displace- 
ments in pitch are always upward [The work de- 
scribed in this paper was done under a contract, 
recommended by the Committee on Medical Research, 
between the Office of Scientific Research and De- 
velopment and Harvard University ] 

Hyperchromic anemia produced in dogs by 
choline and carbamyl choline John Emerson 
Davis Dept of Physiology and Pharmacology, 
Univ of Arkansas, Little Rock (Read by title ) 
Hyperchromic anemia responsive to liver extract 
injection was produced in dogs in this laboratory 
Sby the feeding of choline chloride (1944) The at- 
tempt was made to repeat the anemia in a similar 
manner in 4 of the same dogs (treated with liver 


4 months earlier), but no persistent anemia 
resulted 

Hon ever, anemia was produced in 6 new normal 
dogs and one splencctomized dog Three of the dogs 
received 2 doses of choline daily for 3 weeks, 2 
doses of choline and 2 doses of physostigmine daily 
for about 16 days, and then 2 doses of choline and 2 
doses of carbamyl choline daily for 3 or more weeks 
The use of physostigmine did not appear to aug- 
ment the anemia-producing effect of choline Two 
dogs were fed choline 3 times daily, and one dog 
was given 3 subcutaneous injections of carbamyl 
choline (0 01 mgm /kgm ) daily for 6 weeks 
Anemia appeared in all 6 of these dogs within 2 to 6 
weeks Their erythrocj te counts were reduced by 
30 to 37 per cent Color indices were increased by 
an avorage of 0 18, in other words to 1 18, if orig- 
inally at 1 00 

The dogs were sacnficcd during their anemia or 
at variable penods after recovery, for histologic 
study of their tissues These studies are now in 
progress 

The change in the water metabolism and in the 
endocrine glands of long-surviving diabetes in- 
sipidus dogs Richard C de Bodo and David 
Marine Dept of Pharmacology, New York Univ 
College of Medicine and Montefiorc Hospital, New 
York (Read by title ) Severe experimental di- 
abetes insipidus — charactenzed by high polyuna, 
urine of low specific gravity, and a very limited 
abilitj’ to concentrate unne on dehydration — was 
produced in a senes of dogs by sevenng the supra- 
optico-hypophysial tract and observed for a penod 
of about four years Approximately six months 
later without any apparent cause (illness, poison- 
ing) a marked decrease in water exchange occurred 
— in some ammals dimimshing to the pre-operative 
level However, neither the specific gravity of the 
urines nor the concentrating ability of the kidneys 
increased Food intake decreased only in those 
ammals in which the water exchange returned to 
the pre-operative level Nevertheless, even com- 
plete starvation at an earlier period did not cause 
such a marked decrease m polyuna (see de Bodo 
and Prescott) That the adenohypophyses were 
functioning normally was evidenced by 1) normal 
post-absorptive blood sugar level, 2) no hypersensi- 
tivity to insulin, 3) ability to withstand fasting for 
eight days, 4) no occurrence of spontaneous hypo- 
glycemic crises 

The adrenals of these animals appeared perfectly 
normal in size and structure in contrast to those o 
our completely hypophysectomized dogs w c 
showed marked atrophy of the cortex On the other 
hand, the thyroids of the diabetes insipidus ogs 
were extremely small, but histologically norma 
having cuboidal epithelium, whereas the com- 
pletely hypophysectomized ammals had a thyroid 
of normal size but with flat epithelium 
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These findings further reveal some participation 
of the thyroid gland in diabetes insipidus and are 
considered a compensatory effort 
The -water exchange of diabetes insipidns dogs 
under varying nutritional and hydration condi- 
tions Richard C de Bono and Kathryn F 
Prescoit (by invitation) Depi o/ Pharmacology, 
New York Vmv College of Medicine (Read by 
title ) In a senes of dogs diabetes insipidus was 
produced by interruption of the supraoptico- 
hypophysial tract Continuous kymographic 
records showed that two-thirds of the daily water 
intake and unne output occurred dunng the 12 
hours following feeding, just as in normal dogs 
The daily water exchange vaned within different 
dogs from 3000-10,000 cc depending upon the 
amount of food ingested On fasting, with -water 
given ad libitum, the water exchange decreased to 
about 1500-2000 cc on the first day, and never fell 
below 1000 cc even after eight days The specific 
gravity of the unnes -vaned between 1 003-1 006 
Normal dogs under similar conditions drank very 
little water and excreted a very small amount of 
concentrated unne 

When the diabetes insipidus dogs were fed a diet 
of chopped meat but were depnved of -water, they 
still excreted a fairly large amount of unne of 
specific gra-vity of 1 006-1 014 dunng the first 24 
hours On the second day of water depnvation, 
most of the animals refused food, all excreted a 
small amount of unne of specific gravity of 1 010- 
1 028 and the freezing point of their blood sera de- 
creased to about — 90 °C One of the animals died 
as a result of the expenmcnt Normal dogs tolerated 
water depn-vation for a much longer pcnod, some 
animals taking food oven after eight days All ex- 
creted a small amount of very concentrated unne 
and the freezing point of their sera never went 
below - 67 °C 

Inhibitory responses of pregnant cat’s nterus to 
cpinephrin and hypogastric stimulation (Read by 
title) E C DEii Pozo, Dept of Physiology, Insl 
Politccnico Nacional, Mexico, D F In the course 
of experiments intended to study the action of 
cocaine on pregnant uten, it -was observed that, 
in cats in the final stages of pregnancy, the uterus 
responded with inhibition to the injection of 
cpincphnn and to the stimulation of the hypo 
gastric nerves (centrally crushed) 

Since this typo of responses had not been re- 
ported before, to our knowledge, it was decided to 
study the reactivity of pregnant uten at term to 
the mentioned types of stimulation The observa- 
tion herein reported was confirmed in every uterus 
tested in the final stages of pregnancy 
The in\ crsion from inhibition to contraction first 
reported by Cushing in pregnant uterus of the cat 
(J Physiol ,35 1, 1906) seems to be related to 
the concentration of progesterone as sho-wn by the 


experiments of Kennard (Am J Physiol , 118 
190, 1937) This inversion by progesterone had 
already been observed by Van Dyke and Gustavson 
(J Pharmacol Exper Therap , 37 379, 1929) 
On the other hand, it is thought (Reynolds, Physi- 
ology of the Uterus, New York, 1939) that the 
blood progesterone is reduced in the late stages of 
pregnancy, a fact which could explain our findings 

Physiological actions of scorpion venom E C 
DEE Pozo and G Angihano L (by inxntation) 
Depi of Physiology, Imt Politecnico Nacional, 
Mexico, D F Saline extracts of venom from ground 
telsons of C suffusus suffusus were precipitated 
with acetone, dried, and then dissolved and in- 
jected into anesthetized cats 

Poisoned animals showed fibnllary and dome 
contractions of skeletal muscles, irregulanty, in- 
creased amplitude, and then paralysis of respira- 
tory movements, vasoconstnction, sialorrhea, 
pupillary dilation , and piloerection 

The muscular effects are greatly attenuated by 
section of the motor nerves Maximal stimuli ap- 
plied to a muscle through its nerve after venom 
injections produce contractions of greater ampli- 
tude and duration than normally After adequate 
doses, smgle shocks produce double peaked re- 
sponses Tetam are obtained -with relatively low 
frequencies These effects decrease with repetition 
of the Btunuli, and reappear after a short rest 
period Decuranzation is obtained when venom is 
admimstered after paralyzing doses of curare 

High doses of venom block the muscular re- 
sponses to nerve stimulation, but contractions are 
obtained -with direct stimulation 

The increased amplitude of respiratory move- 
ments IB due to the muscular effects, as sho-wn by 
records of the diaphragmatic contractions to 
phremc stimulation That respiratory paralysis is 
due to central effects of the venom is shown by the 
fact that the diaphragm contracts when the phrcnics 
are stimulated 

Vasoconstriction is not observed after destruc- 
tion of the spinal cord Denervation of the saliimry 
glands abolishes almost entirely the salivary re- 
sponse to the venom 

The ElmnUancons transport of T-1824 and radio- 
active red cclis through the heart and lungs 
Phieip Dow, P F Hahn* (by invritation), and 
W F Hamiltos Dept of Physiology, Univ of 
Oa School of Medicine, Augusta, and Dept of 
Pathology, Unio of Rochester School of Medicine 
and Dentistry (‘Now at Vanderbilt Umv School 
of Medicine ) To test the objection that rapidly 
injected dye might leave a considerable residue on 
Its first passage through the lungs and thus give 
falsely high estimates of its dilution for calculations 
of blood Cow, the following cxjicnircnt was done on 
dogs ancsthctiicd -with morphine and barbital Red 
cells tagged -with radioactive iron, in plasma dyed 
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With T-1824 (1 0 mg ), were rapidly injected into 
the superior vena cava Immediately, a clamp on 
the aortic arch diverted the entire left ventricular 
output through a cannula into a senes of test tubes 
presented in mechanically timed succession 
These samples were measured and analyzed for dye 
and for radioactivity 

Recovery of neither cells nor dye was complete, 
probably because of total collapse of some vascular 
circuits with diminishing flow The curves of con- 
centration and recovery of radioactivity preceded 
those for the dye, indicating a more rapid transit 
of the cells in some part of the circuit Otherwise 
the similarlity of the curves furnishes no evidence 
of preferential retention of dye (at the concentra- 
tion used) as compared with the colls 

Therefore, cardiac outputs obtained by the in- 
jection method should not bo considered as er- 
roneously high because of retention of dye in the 
lungs 

Relation of B vitamins, inanition and methio- 
nine to inactivation of estrone by liver Victor 
A Dhili, and Cahroll A Pffiffer (by invita- 
tion) Depls of Pharmacology and Anatomy, Yale 
Univ School of Medicine, New Haven Adult fe- 
male rats were castrated and pellets of estrone, 
averaging 5 0 mgm , implanted in the spleen Fol- 
lowing control vaginal smears the animals wore 
placed on a diet deficient in the iihole vitamin B 
complex Such animals failed to inactivate the 
estrone, as indicated by the vaginal smear, after 
20 to 30 days Paired control ammals, receiving 
vitanun B complex, but limited to the amount of 
food consumed by the deficient animals each day, 
showed a similar result A second experiment with 
other rats gave the same result 

In one experiment a third group of rats was in- 
cluded which was similar to the control inanition 
rats in all respects, but received in addition 60 
mgm of methionine per day They failed to inacti- 
vate estrone at the same time as the other groups 
In a fourth study the food intake was limited to 
3 grains per day, all ammals receiving the whole 
vitamin B complex, and half of them 60 mgm of 
methiomne per day Such animals also failed to 
inactivate estrone, no diBerence being noted in 
the methiomne fed rats 

It appears that a deficiency of the whole vitamin 
B complex affects the inactivation of estrogen only 
through the concomitant inamtion produced 
Supplements of methiomne were without effect 
[Support by grants from Fluid Research Fund, Yale 
Umv Medical School, and Eh Lilly and Company ] 

The respiratory and circulatory response of 
normal man to 100, 18, 16, 14, 12, 10 and 8% Oj 
Robert D Dripps (by invitation) and Julius H 
CoMROE, Jr , Dept of Anesthesiology, Harrison 
Dept ofSurg Research and Dept of Pharmacology, 
Univ of Penna The respiratory and circulator 


responses of normal man to inhalation of low oxygen 
mixtures were measured in 60 subjects in an at- 
tempt to determine a) the magnitude of these re- 
Bponscs and b) the threshold of the respiratory and 
circulatory systems to anoxia The subjects 
breathed oxygcn-nitrogcn mixtures (21, 18, 16, 14, 
12, 10, 8 and 100% Oj) for 8 minutes from Douglas 
bags or a demand system Respiratory minute 
volume, pulse rate and artenal oxygen saturation 
(oximeter) were measured To minimize the factor 
of spontaneous variation the increase in respiratory 
minute volume and pulse rate associated with low 
Oj mixtures was compared to the immediate de- 
crease in these figures when the subjects were sud- 
denly changed from anoxic mixtures to 100% Oj 
From the data thus obtained it is concluded that 
none of the subjects’ respiratory or circulatory 
systems showed any measurable response to 18% 
Oi, while some subjects showed a slight but defimte 
response to 16% Oi This was particularly notice- 
able as far as pulse rate changes were concerned 
No consistent increases in respiratory minute 
volume were noted until 10% Oj ivas reached 
Marked individual variations were seen, some sub- 
jects showing no response even to 10 or 8% Oj 
In the course of these expenments we measured 
changes in respiratory minute volume when normal 
subjects breathed 100% Oi after room air No sig- 
nificant immediate change in breathing or pulse 
rate was observed, but at the end of 4-8 minutes 
definite respiratory stimulation occurred It is 
concluded tliat the chemoreceptors are not 
tomcally active in normal man breathing room air 
[IForl. done under contract with the Office of 
Scientific Research and Development ] 

The effect of continuous and of intermittent 
pressure breathing on kidney function By D R 
Drurt, J P Henrt (by invitation), P 0 
Greeley, Irene IClain (by invitation), and Eli 
Movitt (by invitation). From Dept of Aviation 
Medicine, School of Medicine, Univ of Southern 
California, Los Angeles, California Continuous 
Pressure Breathing, especially m the range of 
20 to 60 mm Hg positive pressure, exerts a defi- 
mtely deleterious effect on the circulation 
IS difficult to assay in quantitative terms For sue 
a test we have investigated the reduction ii^dney 
function produced by pressure breathing We 
that using continuous pressure breathing t ere is 
iincreasing impairment of kidney function wi 
increases in mask pressure Then using ney 
function as a method of assay, we compared the 
two types of pressure breathing, contrasting eac 
level of continuous pressure breathing with the 
equivalent pressure needed for the intermitten 
method The results indicate that there is an a 
vantage in the use bf the intermittent method 
The effects of explosive decompression on 
human subjects Abraham Edblmann, (by invi- 
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tation) W V Wbitehorv, (by invitation) and 
Feed A Hitchcock Laby of Amalwn Physiology 
and Medicine, The Ohio State Univ , Columbus 
Human subjects have been subjected to explosive 
decompression (rapid reduction of the barometric 
pressure) at rates varying from 2 to 21 p s i per 
second This is equivalent to changing the simu- 
lated altitude from 8,000 to 35,000 feet m from 4 to 
0 3 seconds In more than 1,000 expenments on 
upwards of 250 different subjects, no ill effects 
have resulted No changes were found in electro- 
cardiograms, chest X-rays or audiograms Subjec- 
tive symptoms were the rushing of air from the nose 
and mouth and a feeling of distension in the thorax 
and abdomen The incidence of severe gas pains 
was no greater than in control experiments in which 
the rate of decompression was about 3,000 feet 
per minute 

In a senes of eiqienments designed to test the 
effect of explosive decompression on the incidence 
of decompression sickness a sigmficant increase 
was found when subjects were kept at altitude 
without exercise for one hour following the explo- 
sion However there was no sigmficant difference 
between the incidence of the bends following ex- 
plosive decompression and following decompression 
at 3,000 feet per imnute when exercise or altitudes 
above 38,000 ft were used Thus, while explosive 
decompression may hav'e a bends producing action, 
this effect seems to be masked by exercise or in- 
creased altitude 

These data give no support to the concept of a 
sudden burst of nitrogen bubbles in the blood and 
tissue fluids as a result of explosive decompression 
[Work done under contract with the Office of 
Scientific Research and Dcrelopmcnt ) 

Studies in nerve degeneration and regeneration 
JoBETH Eheaeoee and Gordox M Schoeptle 
Dept of Physiology, Washington Univ School 
of Medicine, St Louis, Mo The preparation used 
IS the phrenic nerve with two of its roots of origin 
One IS crushed , the fibers of the other, remaining 
intact, serve as the control Movable stimulating 
electrodes arc applied to the nerve proper and 
fixed leads arc taken from the roots separatelj 
Results are expressed as ratios, — degenerated or 
regenerated over normal x 100 The first 3 cm are 
not available for observation 

Degeneration is complete in 4 daj s After 3 days, 
cxcitabilitv and conduction rate still are normal, — 
likewise in a 3 daj IS hour prcjiaration At 3 davs 
area ratios are much reduced, the more so the 
greater the distance of conduction These results 
arc comratible with citherabrupt failure at random 
loci or failure proceeding centnpelallu Data de- 
nied from the nerve trunk through observations 
on jionpheralwnrds conduction arc comfKitible 
Kith cither random or centrifugal failure Pre 


sumably failure is abrupt at randomlj scattered 
loci 

Regeneration After 30 to 40 days excitability 
ratios at long distances are 5 or less, the normal 
being over 90 These ratios increase as the stimu- 
lator approaches the crush They increase also with 
regeneration time, and the relative slopes of the 
curves decrease Conduction rate ratios behave 
similarly Conduction rats vs excitability possiblj 
plots a straight Ime, one not passing through the 
origin Area ratios from pomts just central to the 
lesions increase as the stimulator approaches the 
leads, the curves becoming approximatelj hon- 
zontal between 120 and 190 dajs, when conduction 
ratios BtiU are small [Work done in part under 
contract between OJS R D and Washington Untv ] 

A method of observing transient lencopenia 
Hiham E Essex and Aitokeo Gea^Ja* (bj invi- 
tation) Mayo Foundation Rochester, Minnesota 
By means of a transparent chamber (Clark, Florey) 
inserted in the ears of rabbits, the behavior of the 
leucocytes can be observed in the newly formed 
blood vessels In resjxmse to intravenous injections 
of appropnate doses of glj cogen, gum acacia, ex- 
tracts of Ascans suum and flmd from hjdatid 
cysts, the majority of the leucocytes cease to move 
along the walls of the veins in one to two minutes 
The leucocytes adhere to the walls of the vessels 
and to each other, thus frequently forming clumps 
contaimng as manj as four or five cells The cells 
usuallj resume their normal behavior in fifteen 
to thirty imnutes 

If the number of leucocytes was determined 
during the pionod of their altered behavnor, a 
marked leucoponia was observed in blood taken 
from an car or leg vein The most profound leuco- 
peiua coincided with the period when the majority 
of the cells were adherent to the walls of the veins 
of the ear This fact suggests that the phenomenon 
is a general one 

Injections of glucose, horse serum, or normal 
saline did not alter the behavior of the Icucocj tes 

The influence of other materials and of anaphj - 
laxis on the behavnor of the leucocjtes is being 
investigated Also cxjienments arc in progress to 
determine whether chrome Icucojicnia can be pro- 
duced b 3 prolonged admimstration of certain 
materials 

Effects of frostbite on the minute blood vessels 
of a peripheral vascular bed Hieau E Essex and 
Ramos Quistasiixa (bj invitation) The Mayo 
Foundation Rochester, 3/tnnMota It has been 
thought that frostbite results in coagulation of the 
blood in the smaller vessels and cvcntusl anoxia 
which causes further destruction of the frost bitten 
ti'suo To investigate this question we made u-o of 


> G\.ttra!w^ TeHow (Froia the lortitu'e of Exnmintot*! 
Medicine Slonl^ndpo Unimtj) 
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tho Florey modification of the Clark transparent 
chamber inserted into the cars of rabbits Pieces of 
COj ice ^\erc applied directly to the "nindon for 
thirty seconds Tho vessels that had grow n into the 
chamber were completely frozen Immediately 
after thawnng, the vessels appeared normal in every 
respect However, after five or ten minutes it was 
apparent that serious injury had been done The 
vessels dilated widely and became filled with red 
and white blood cells The permeability of the 
vessel walls increased, the plasma was dmined 
from the vessels and the formed elements were left 
concentrated in the vessels in conglomerate masses 
which w ere not owing to coagulation since an identi- 
cal picture was seen in the vessels of animals whose 
blood had been made incoagulable by injections of 
heparin (Motion picture ) 

Anticonvulsant action of drugs against mctrazol 
and anti-epilcptic activity Gn\ M Evkhett (in- 
troduced by R K Ricliards) Dept of Pharma- 
cology, Abbott Labys , North Chicago, III ) Out of 
a group of 50 compounds tested as anticonvulsants, 
five which were highly protective in non-sedati\c 
doses against Mctrazol convulsions in mice, cats, 
and dogs, have been distributed for clinical trial 
in epilepsy 

The table summarizes the preliminary evaluation 
of these drugs 


Drug 

Pro- 
tective 
dose 
against 
metrazol 
tm / 
kg) 

Cluneal evolu 
ation 

Grond 

mal 

PeUt 

mn! 

Oxozolidine 2,4 dione 




3,6 dimethyl 

600 

? 

-H- 

3,6,6 tnmethyl (Tndiono) 

600 

-t- 

-h-h-h 

3,6 dimethyl-5 ethyl 

250 

? 

++ 

Barbituno Acid 

1 



1,6,6-Tnmethyl 

100 

4" 

— 

S,6-diethyl-l methyl 

60 

++ 

— 

thenobarbital 

60 

+++ 

- 


On the basis of these results, it may be concluded 
that the anticonvulsant action of these drugs 
against Metrazol has given a useful inde\ of anti- 
epileptic activity but does not differentiate be- 
tween drugs effective in grand mal or petit mal 
Cerebral metabolism of hyperthyroid, thyroid- 
deficient and cretinous rats J F Fazekas (in- 
troduced by E B Astwood) From the Dept of 
of Medicine, Tufts Medieal School and the Joseph 
H Pratt Diagnostic Hospital, Boston The oxygen 
consumption of minced cerebral cortex of normal, 
hyperthyroid and thyroid deficient rats was com- 
pared The tissue was suspended in a saline phos- 
phate medium, with glucose as the substrate and 
the oxygen consumption determined in the War- 
burg Apparatus Triplicate observations were 


made on each brain studied and the tissue was ex- 
amined ns soon as possible after excision Hyper- 
thyroidism was induced by feeding one per cent 
thyroxin supplemented with adequate yeast to 
prevent avitaminosis Thyroid deficiency was in- 
duced by feeding 0 05% propylthiouracil Cre- 
tinism was induced by feeding 0 1% propylthio- 
uracil in tho diet to the lactating mothers One 
lialf of each litter, treated wuth 1 mg of thyroxin 
daily, grew normally and served ns controls 
Tliirty-six observations on twelve rats, 21 to 28 
days of ago, six cretins and six litter mate controls, 
disclosed an average difference in oxygen consump- 
tion of only 7 8% Eighteen observations on three 
hyperthy roid and three thyroid-deficient animals 
treated with 0 05% propylthiouracil for nine 
months revealed an average difference of 5 9% 
In both groups of experiments the oxygen consump- 
tion of the cortex was slightly reduced in the 
hypothyroid animals This slight and questionahly 
significant reduction in oxygen consumption does 
not reflect the sluggish behavior nor explain the 
tolerance to anoxia of these hy pothy roid animals 
A new method of representing alveolar air 
concentrations at altitude W 0 Fenn, L E 
Chadwick, H Rahn, and A B Otis (by invita- 
tion) Dept of Physiology, School of Medicine and 
Dentistry, Univ of Rochester, Rochester, New 
Yorl If the alveolar tensions of COj are plotted as 
ordinates against the tensions of oxygen as abscissae 
a diagram is obtained in which each altitude is 
represented by a straight line of negative slope 
When pure 0* is breathed the slope of this line 
IS alwrays — 1 and a decrease of alveolar pCOj caused 
by increased ventilation or by any other means 
must result in a corresponding increase of pOi 
When air is inhaled the slope of the altitude di- 
agonal vanes wuth the R Q but the abscissa at 
pCOj = O IS the same The beneficial effect of 
adding COj to the inhaled air is easily demon- 
strated The gam in oxy'gen tension due to hyper- 
ventilation IS shown to bo due (1) to the decrease 
in pCOj and (2) to the increased R Q or added 
CO 2 , which permits more pOj for the same degree 
of acapnia Families of curves representing artenal 
oxygen saturation, cardiac output (for a given ven- 
ous Ot saturation) and venous Oi saturation, (fora 
given cardiac output) can also be included The 
diagram shows that overventilation would be a 
vantageous so far as the transpiort of gases is con 
cerned so long as the arterial saturation is be ow 
about 90% The amount of alveolar ventilation re- 
quired for any altitude or pCOi or pOj can e c 
ciliated for a given oxygen consumption lue 
representing the average alveolar air composi lon a 
altitude can be draw n, as well as curves in c& mg 
the range of alveolar air compositions w ic are 
consistent with normal performance or a norma 1 
ties of varying degrees On a larger sea e e areas 
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of deterioration due to too much or too little COj 
or Oj can bo indicated [IPorL done under contract 
until the Office of Scteniific Research and De- 
velopment ] 

The effect of age on the hypoglycemic depletion 
of glycogen in the central nervous system 
Shirley Ferris (by invitation) and Harold E 
Hiuwich Depl of Physiology and Pharmacology, 
Albany Medical College, Union Univ , Albany, 
New York Previous work from this laboratory 
shows that hypoglycemia produces a decrease in 
the glycogen of the central nervous system of the 
adult dog in such a way that the higher anatomic 
and newer phyletic layers suffer the greater deple- 
tions In the present investigation the effects of 
hypoglycemia upon the glycogen content of the 
vanouB portions in the central nervous system of 
newborn and 6§ weeks old kittens were determined 
All animals received two umts of standard insulin 
per kilogram of body weight every hour until the 
conclusion of the expenment Sodium lodoacetate 
was used to fix brain glycogen in situ and the glyco- 
gen was determined according to Kerr’s method 
In the newborn ammal the more caudal parts 
showed the greater fall in concentration the spinal 
cord was depleted most, followed in order by the 
cerebellum, medulla, thalamus and corpora quad- 
ngemina, while the cerebral cortex did not show a 
sigmfioant fall In the 5-8 week old kittens, only 
the higher parts exhibited sigmficant decreases 
The glycogen in the cerebral cortex was depleted 
to the greatest extent, followed by the corpora 
quadngemina and thalamus, while the concentra- 
tions in the cerebellum, medulla oblongata and 
cord were not changed sigmficantly during hypo- 
glycemia This pattern of glycogen depletion is 
intermediate between that of the adult and the 
newborn the higher areas suffer smaller impair- 
ments than in the adult, while the older phyletic 
regions are not depleted and in this way differ from 
the newborn [This study was aided by a grant from 
the Scottish Rite Fund ] 

The role of mtra and extracellular cH in neuro- 
humoral stimulation John G Finertt (by invi- 
tation) and Robert Gesell Univ of Michigan 
Striated muscle is classified as cholinergic by Dale 
and associates Acetylcholine is considered highly 
electrogenio by Nachmansohn and associates, and 
humoral stimulation of muscle is known to occur 
through intermediation of myoneural junctions 
(Buchthal and Linhard) These facts support the 
humoroeleotrotomc theory which holds that elec- 
trotomc currents set up at myoneural junctions 
stimulate in proportion to the strength and dura- 
tion of the currents and the excitability of the 
muscle fibers 

The stimulatory action of extraneous acetyl- 
choline on respiratory muscle was potentiated in 
cn acid medium, presumably through the anti- 


chohnestemse activity of acid , locomotor muscles, 
however, were found less responsive m acid en- 
vironment To explain this apparent contradiction 
to the acid humoral concept, the role of intra and 
extracellular cH was examined Jacobs has shown 
that differential penetration of carbon dioxide and 
sodium bicarbonate allows selective control of 
intracellular and extracellular acidity Carbon 
dioxide, w hich increases mtra and extracellular cH, 
mcreased the intensity and duration of action po- 
tentials of the rectus abdominus but decreased the 
frequency and duration of potentials of the sar- 
tonus When carbon dioxide and sodium bicar- 
bonate were added to the ambient solution so that 
the external cH was kept constant, the sartonus 
response was potentiated like that of respiratory 
muscles 

These findings suggest that acid acts as an anti- 
cholinesterase within end plates where acetyl- 
choline IS liberated and that extmcellularly it 
depresses the excitability of muscle fiber to elec- 
trotomc excitatory current 

Changes m muscle proteins during atrophies 
of various Ijrpes and the retardation of some of 
these changes by electrical treatment Ernst 
Fischer and Virginia W Ramsey (by mvitation) 
Baruch Center of Physical Medicine, Medical 
College of Virginia, Richmond Total protein con- 
centration in rabbit gastrocnemii dimimshes about 
14% dunng denervation atrophy of 22 to 30 days 
duration In atrophy due to tenotomy or due to im- 
mobilization by cast, the weight loss is praoticallj 
the same as after denervation However, the total 
protein loss is the same only for tenotomy, while 
dunng immobilization the protein loss is only about 
i of the loss in the other atrophies Collagen con- 
centration increases in all three types of atrophy 
about reciprocally with the weight loss, but this 
relative increase is somewhat less than expected 
under the assumption that the collagen present m 
the whole muscle remains constant Non-collage- 
nous protem is decreased by 13, 25 and 29% by im- 
mobilization, tenotomy, and denervation respec- 
tively Precitable myosin is dmumshed only by 
11% for immobilization, but 69 and 78% for 
tenotomy and denervation The hydrophyhe 
power of the muscle mash is increased by about 
35% for immobilization and denervation, but is 
decreased by about 13% for tenotomy 

Daily electneal treatment of denervated muscles 
18 effective in retarding weight loss and deteriora- 
tion of muscle protein Treatment applied to a leg 
m a limb position, so that the muscle contracts 
against high resistance dunng stimulation, is much 
more effective than treatment in a position, in 
which the muscle contracts freely against no or 
little resistance 

The oxygen consumption concerned with growth 
in E coll and the effect of snlfathiazole and N- 
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propjl carbamate on il KrNNETn C Fisiibu and 
FonsNCE H Armstrong (by invitation) Univ 
of Toronto The consumption of oxygen by growing 
cultures of E coli has been measured From simul- 
taneous observations on oxygen consumption and 
growth it was found that the concentration of 
sulfathiazole and n-propyl carbamate which are 
just sufficient to stop growth completely, lower the 
rate of oxygen consumption but leave intact ap- 
proximately 45% of the normal rate 

In a number of experiments the cultures in the 
respirometcr vessels were permitted to exhaust 
the nitrogen source From the moment this occurs 
the rate of oxygen consumption falls rapidlj until, 
after approximately one hour, it reaches a com- 
paratively stable value which is about 45% of that 
existing immediately prior to the exhaustion of the 
nitrogen source It thus appears that approxi- 
mately 55% of the oxjgen consumption of the grow - 
ing cell IS concerned with the uptake of the nitrogen 
source, i e with growth 

Concentrations of sulfathiazole or n-propyl car- 
bamate up to those which stop growth completelj 
iiave little or no ability to depress the stable res- 
piration established after growth ceases However 
the inhibition by these two substances of the extra 
oxygen consumption seen when the cells are ac- 
tively growing, closely parallels the concomitant 
inhibition of growth {Supported by a grant from 
the John and Mary R MarUc Foxmdatton of New 
York] 

EEfect of thyroxin on estrogen-induced changes 
in fowl Wai/ter Fleischmann Dept of Pediatrics, 
Johns Hopkins School of Medicine Thyroxin, w hen 
administered simultaneously and in equal amounts 
with estradiol dipropionate in immature chicks 
neutralizes the ability of the estrogen to increase 
serum calcium, inorgamc phosphorus, lipid phos- 
phorus, protein phosphorus and cholesterol, but 
does not inhibit the grow th of the oviduct 
(Fleischmann and Fried, Fed Proc 3 10, 1944, 
Endocrinology 3B 406, 1945) In pigeons thyroxin 
was observed to inhibit estrogen-induced changes 
in the plasma levels of calcium, neutral fat and all 
phosphorus fractions, without inhibiting the action 
of estrogen on the formation of endosteal bone and 
promotion of the growth of the oviduct (McDonald, 
Riddle and Smith, Endocnnology 37 23, 1945) 

In the Brown Leghorn capon thyroxin injected 
simultaneously and in equal amounts with estradiol 
dipropionate has no effect on the salmon coloring 
induced by estrogen in the black breast feathers 
The salmon bar produced by injecting 0 5 mgm 
estradiol dipropionate on three subsequent days 
IS not modified by simultaneous injection of 1 mg 
thyroxin These studies indicate that the inhibiting 
effect of thyroxin is confined to metabolic changes, 
whereas the structural changes brought about by 
estrogen are not affected 


Experiments arc in progress to determine the 
mechanism of this effect of thyroxin Thyroxin 
does not diminish the phospholipid content of the 
liver in chicks Dinitrophenol has no inhibiting 
effect on the hypercholesterolemia produced by 
estrogen [Aided by a grant from the Commonwealth 
Fund The hormones were } indly supplied by Roche- 
Organon, Inc , Nutlcy, N J ] 

The effect of insulin on blood cocarboxylasc 
Piero P FoX, Jat A Smith (by invitation) and 
H Weinstein (by invitation) Dept of Physiology 
and Pharmacology, Chicago Medical School Evi- 
dence IS available indicating that insulin influences 
the metabolism of phosphate in relation to the 
metabolism of carbohydrate The present work 
deals with the influence of insulin on the phos- 
phorylation of thiamine When thiamine (1 mg or 
10 mg /kg ) IS injected intravenously into a normal 
dog, anesthetized with ether or unanesthetized, 
blood cocarboxylase rises from 5-10 7/IOO cc to 
a peak of about 100 7/IOO cc in about 15 minutes 
and then gradually returns to normal The con- 
centration of inorganic phosphate does not change 
significantly, probably because the amount used in 
the phosphorylation of thiamine is very small rela- 
tive to the total amount present If larger doses 
(100 mg /kg ) of thiamine are injected a sigmficant 
drop in inorganic phosphate can be detected, but 
such doses are very toxic The concentration of 
glucose docs not change sigmficantly, except when 
ether is administered A rise in blood cocarboxylase 
(2-3 times the basal value) with a simultaneous 
drop in inorgamc phosphate follows the injection of 
1 or 10 units of insulin/kg This phenomenon is 
more marked if the basal concentration of co- 
carboxy lase liad been previously increased by daily 
intramuscular injections of thiamine Depancre- 
atizcd dogs have little (2-3 y/100 cc ) cocarboxylase 
in the blood and its concentration does not rise 
following the injection of thiamine, unless insulin 
IS injected These results are consistent with the 
hypothesis tliat insulin is necessary for the phos- 
phorylation and, therefore, for the utilization of 
thiamine 

Depression of the cerebral cortex induced by ap- 
plications of acetylcholine Francis M Forster, 
Winslow J Borkowski and Robert H Mc- 
Carter (introduced by M H F Friedman) 
Dept of Neurology, Jefferson Medical College, 
Philadelphia, Pa The local application of acetyl- 
choline to the exposed cerebral cortex of the cat 
proHuces a period of depression of electrical ac- 
tivity followed by acetylchohne discharges The 
depression of activity is independent of systemic 
effects of acetylcholine The depression of activity 
IS accompanied by decrease in cortical function, as 
determined by motor and acoustic responses and by 
Btrychmne-induced activity The depression o 
electrical activity spreads over the cortex, and 
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apparently not along neuronal pathways but in all 
probability in linear fashion Depression appears in 
distant areas in which the acety choline discliarges 
do not appear 

This type of cortical depression is not due to 
stimulation of supressor areas, nor to mechamcal 
stimulation 

The relationship m the hand between total 
heat exchange and blood flow at various ambient 
temperatures Forster, R E , II, Ferris, B G, 
Jr , and Day, R L (introduced by H C Bazett) 
The Quartermaster Corps Climatic Research Laby , 
Lawrence, Mass At the Quartermaster Corps 
Climatic Research Laboratory, the thermal ex- 
change and blood flow in the hands of two lightly 
clad, healthy young men were measured at a vanety 
of ambient temperatures in a combined "Plethys- 
mocalonmeter” The calorimeter was modeled af- 
ter that of Hardy and Day for infants Blood flow 
was measured using the instrument as a plethysmo- 
graph m conjunction with the venous occlusion 
method of Brodie 

The temperature drop per cubic centimeter of 
blood, calculated from the blood flow and heat loss 
in the hand per umt time, revealed extremely low 
values Either the arterial blood was cooled con- 
siderably, pnor to its entry into the hand at the 
wnst, or else the venous temperature was higher 
than the skin temperature, or perhaps both This 
was true to a degree not appreciated by those who 
have used the calorimeter to measure peripheral 
blood flow The arguments in favour of the hypothe- 
sis of the pre-cooling of artenal blood by the re- 
turning venous blood are presented Several 
measurements of the temperature of artenal and 
venous blood were taken under identical conditions 
and corroborated this view After prolonged ex- 
posure, blood flow as low as 02 cubic centimeters 
per hundred cubic centimeters of tissue per imnute 
were obtained The evaporative heat loss repre- 
sented the majonty of the total heat loss at either 
extreme of the range, 15-37°C The overloading of 
the body heat exchange mechanism at both ex- 
tremes of the same range was also demonstrated 
Renal function in the rabbit as influenced by 
the administration of water, anesthetics and 
diuretics R P Forster (by invitation) and J P 
Maes Dept of Zoology, Dartmouth College, and 
the Dept of Physiological Sciences, Dartmouth 
Medical School In this senes of 46 expenments on 
41 rabbits 368 clearance periods were studied in 
which the creatinine clearance was used to estimate 
the glomerular filtration rate, the para ammo hip- 
punc acid clearance for the effective renal plasma 
flow, and the glucose Tm for the number of function- 
ing glomeruli Alter it was found that these values 
were unaffected bj the animal’s position dunng the 
cxpenment (standing, prone, or supine), and rab- 
bits were loosely restrained m a supine position 


while urine samples were collected at measured 
intervals by in-lying catheter, and blood samples 
were obtained from the central ear artery or some- 
times from the ventncle 

Untrained rabbits typically maintained constant 
renal functional values for 3 or 4 hours w ith this 
treatment Well hj drated rabbits of 2 5 or 3 kilo- 
gram body weight had glomerular filtration rates 
of approximately 15 ml per minute and renal 
plasma flows of approximately 50 ml per minute 
while being infused at the rate of 0 6 ml per 
minute 

Diuresis resulting from the administration of 
100-200 ml of tepid water by stomach tube was 
associated with increases m the rate of glomerular 
filtration, the renal plasma flow, and the glucoseTm 

The admimstration of ether was followed by re- 
ductions in the glomerular filtration rate and the 
renal plasma flow, while sodium pentobarbital in- 
jected intravenously (30 mg /kg ) did not affect 
these values 

Intravenous injections of manmtol and theo- 
phylline resulted in marked diuresis without af- 
fecting the filtration rate or the renal plasma flow 

Changes in postural steadiness and pulse rate 
after short vigoronB exertion Joseph C Frank- 
EiN, Harold Guetzkow and Josef Bbozek (in- 
troduced by Ancel Keys) Lahy of Physiological 
Hygiene, Univ of Minnesota, Minneapolis, Min- 
nesota (Read by title ) Pulse rates were taken 
with subjects standing, before each one-minute 
steadiness (ataxiameter) measurement After rest- 
ing (control) data were obtained, 12 subjects ran 
on a treatmill for three minutes at seven miles per 
hour at grades varying from 7 5 to 10% climb ac- 
cording to individual “fitness” Pulse and steadi- 
ness were determined at the 1st, 5th, and 11th 
minute after running In six men steadiness was 
measured with eyes open on the first day and with 
eyes closed on the second day, the order was re- 
versed for the other six 

Pulse rate rose from a resting average of 80 beats 
(100%) to 148 (184%) immediately after run fell 
to 105 (131%) at the 5th minute and showed no 
further recovery at the 11th minute Control scores 
for total body sway, m centimeters per minute, 
were 9 6 with eyes open and 15 7 with ej es closed 
At the 1st, 5th, and 11th minute after runmng, 
body sway with eyes open was, respectively, 24 3, 
15 9, 11 7 cms or 254, 166, 122% of normal , with 
eyes closed 37 2, 28 9, 21 9 cms or 237, 184, and 
140% respectively 

The data show that, in the early part of recovery, 
postural steadiness was more sensitive to the 
“stress” of runmng than was the pulse rate Body 
sway, in centimeters, in rest and after exercise 
was smaller with ey es open than with e\ es closed 
Steadiness scores obtained at the 5th and the 11th 
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minute of recovery vere significantly closer (o 
normal iiitli eyes open than i\itli eyes closed 
Experimental production of uremia in dogs bj 
protein depletion Smith Fuelman, Tsan-mi n Li 
(by invitation) and Cm Cur Wang (by invita- 
tion) Dcpl of Physiology, Norllmcslcrn Unw 
Medical School, Chicago Dogs vciglung approxi- 
mately 15 kg were fed daily a prolcin-deficicnt 
diet of the following composition rice 230 grams, 
sugar 60 grams, lard 30 grams, yeast 15 grams, 
salt S grams, and 2 drops of pcrconiorph oil Three 
times w eekly the animals w ere subjected to jilasma- 
pharesis (10 cc of blood per kg body weight was 
removed each time) These animals show an in- 
crease in the serum inorganic phosphorus and 
non-protcin nitrogen after 3 or 4 w ceks of depletion 
Anorexia, weight loss, scanty urine and a marked 
elevation of the serum N P N and inorganic phos- 
phorus develop rapidly Protein and granular casts 
appear in the urine The serum albumin decreases 
while free and total cholesterol were little altered 
by this procedure The Rose Bengal dj e clearance 
and serum phosphatase both decreased 
Autopsy findings included pale soft kidneys with 
numerous grayish-white areas scattered throughout 
the cortex Microscopic examination of kidnej sec- 
tions revealed extensive tubular injury ns well ns 
other evidences of kidney damage 
Physiologic icterus of the newborn By L 
Willard Freeman, Arthur Loewt (by invita- 
tion), and Victor Johnson From the Dcpl of 
Physiology, The Unxv of Chicago Elevated serum 
bilirubin levels can be demonstrated in infants bj 
the fifth day of life Johnson and Freeman have 
demonstrated the presence of free fatty acids and 
soaps in the chyle and serum of animals and in the 
serum of humans following the ingestion of fot. 
The amounts found were sufficient to account for 
the hemolysis observed under the test conditions 
Compared to a short time after birth, the infantis 
born with a relative polycythemia The newborn 
infant is exposed to a fat diet which is high com- 
pared to the levels to which it is exposed while 
still attached to the maternal circulation To test 
the possible role of fat in the early destruction of 
erythrocytes, umbilical cord blood was obtained 
from fifty newborn infants These infants were then 
placed on formulae with various fat contents The 
control group on standard formula (3 6% fat) showed 
serum bilirubin levels of 1 36 milligrams per cent 
at birth and 5 41 milligrams per cent on the fifth 
day The group on reduced fat intake (1 8% fat) 
had similar control levels and 4 21 milligrams per 
cent on the fifth day The group on practically fat- 
free diet (0 03% fat) with similar control levels 
had 3 09 milligrams per cent These results would 
indicate that the ingestion of fat plays an important 
role in the destruction of erj throcytes in the new- 
born infant and consequently m the production of 
icterus 


The influence on gastric secretion of fluids 
introduced into the intestine M H F Friedman, 
I J PiNCUS (by inxitation) and J Earl Thomas 
Dept of Physiology, Jefferson Medical College, 
Philadelphia, Pa The experiments were performed 
on three dogs with Pavlov pouches, one dog with a 
Ileidenlmin jiouch and three dogs with gastric 
fistulas Each animal also was provided with an 
intestinal fistula 

Intestinal instillation of 60 to 850 cc of water, 
physiological saline or 0 1 N HCl resulted in an 
increase in volume of gastric secretion only when 
the gastric glands were already excited by food, 
insulin or histamine These fluids were without 
immediate or delayed effects when the gastnc 
glands were at rest The increase, when it occurred, 
developed only after the actual intestinal inflow of 
fluid had ended, suggesting inhibitory influences 
from the intestine due possibly to racclianical dis- 
tension If histamine injections were maintained 
for four hours the excess juice secreted by the 
gastric glands of the pouch and stomach was always 
projiortionnl and frequently equal to the x'olume of 
fluid 1 ntroduced into the intestine Due to technical 
difficulties a similar balance between the volumes 
of fluid instilled into the intestine and secreted by 
the gastric glands could not bo venfied in feeding 
expenmonts 

As previously reported, gastnc secretion when 
stimulated by food or insulin but not when stimu- 
lated by histamine was inhibited if the pH of the 
intestinal contents was depressed below 2 5 by 
intestinal infusion of 0 15 N HCl Following inhibi- 
tion the secretion was increased to above control 
levels We found that the extent of increase was 
related to the volume of fluid introduced and not 
to the degree of preceding inhibition 

Color changes in the mucosa of the colon in 
children as affected by food and psychic stimuli 
M H F Friedman and Wu J Snape (by invita- 
tion) Dept of Physiology, Jefferson Medical 
College, Philadelphia, Pa (R^d by title ) In each 
of three children, ages 4, 9, and 10 years, there was 
at the Bite of a colostomy a large rosette of everted 
mucous membrane of the colon The colostomies 
had been established 3 to 9 months previous to 
these studies for the purpose of surgical correction 
of anorectal deformities In none was pathological 
change found associated with the colon The chil- 
dren were in excellent health 

Changes in the color of the mucosa were noted 
by direct inspection and matching wuth color stand- 
ards of a hemoglobin scale (Tollqmst type) Ob- 
servations were made on the recumbent subject 16 
to 18 hours after the previous meal 

Mildly painful stimuli applied to the abdomen 
in the region of the colostomy resulted in immedi- 
ate blanching of the mucosa Normal color returned 
within 10 minutes In some instances the blanching 
was followed by reddemng The mere verbal sugges- 
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tvon of pain also produced munediate blanching 
Discussion of unpleasant past e\poriences also 
gave nse to mucosal blanching 
Sight or smell of appetizing foods resulted in 
marked reddening and engorgement of the mucosa 
During the act of eating the mucosa remained en- 
gorged but returned to normal color after the meal 
was eaten In one subject a transitory blanching 
preceded the intense engorgement Food which was 
distasteful to one subject had only a slight effect on 
the color 

During the process of stool extrusion through the 
colostomy the mucosa remained pale but became 
markedly engorged after the stool was passed 
A practical criterion for evaluating the danger 
of explosive decompression A P Gaqge and 
H M Sweeney, Aero Medical Laby , Air Tech- 
nical Serince Command, Wright Field, Dayton, 
Ohio Recent experiments* have shown that the 
relative expansion of internal gases, as a result of 
the decompression, and the time of the decompres- 
sion itself, are the two most sigmficant factors in 
setting up a criterion for evaluating the danger of 
explosive decompression to flying personnel For 
an aircraft of cabin volume V (in cu ft ) and cabin 
pressure Pc (in lbs /sq in ) flying in an ambient 
pressure Pa (in lbs /sq in ), it can be shown that 
danger for flying personnel may exist when 

(Pc - 0 91) /(Pa - 0 91) 

IS less than 

2 1 -h 3 8 (V/A) V(Pc - Pa)/Pa 

where A (in sq ft ) is the area of the orifice causing 
the exposive decompression The reliability of this 
criterion will be discussed in the light of current 
expenmental data on human subjects 
Oxygen and carbon dioxide tensions m arterial 
blood and alveolar air at rest and after exercise 
in healthy subjects and in patients exposed to 
phosgene Morton Galuston and John A 
Luetschbr, Jr (introduced by Jay Tepperman) 
Clinical Research Section Medical Division, CTVS, 
E A and Department of Medicine, Johns Hopkins 
Hospital, Baltimore, Md Direct determinations 
of pOj and pCO in artenal blood (R L Riley, 
Fed Proc 4 59, 1945) and in alveolar air were 
compared Alveolar air samples were collected 
toward completion of blood withdrawal as follows 
resting, end-expiratory, post-exercise, end-in- 
spiratory Blood was almost always withdrawn 
within one minute post-exercise 
In 15 comparisons (12 healthy, resting subjects) 
alveolar air pOj averaged 97 mm Hg and artenal 
blood pOi averaged 96 mm Hg Decrease from 
alveolar to arterial pO, averaged 1 mm Hg In 4 
companson (4 healthy subjects, post exercise) 


1 SiTOsncj , H M and M H 
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alveolar air pOt ranged from 110 to 125, average 117 
mm arterial blood pOj ranged from 103 to 123, 
average 111 mm 

Compansons were performed in 10 patients with 
recent acute or chrome inhalation of phosgene 
In 14 compansons (8 patients, resting) alveolar air 
and arterial blood pO. averaged 94 mm In 5 com- 
pansons (2 patients, resting) alveolar air pOj 
averaged 113, artenal blood pOj, 96, average de- 
crease, 17 mm In 5 comparisons (5 patients, post- 
exercise), alveolar air pOj averaged 121, artenal 
blood pOj, 118 In 4 comparisons (3 patients, post- 
exercise) alveolar pO. averaged 119, artenal blood 
pOi, 105 mm Discrepancies between alveolar air 
and artenal blood pOj were consistent with other 
pulmonary function study results 

Average alveolar air and artenal blood pCOi 
values in healthy subjects, and patients ranged 
from 39 to 42 mm Hg, indicating true alveolar air 
samples were collected Difficulties with direct 
determination of pCOi sometimes prevented pre- 
cise companson between alveolar air and arterial 
blood pCOj 

Sensitivity to morphine dnrmg recovery from 
hemorrhagic shock Samuee Geepan Dept of 
Physiology College of Physicians and Surgeons, 
Columbia Univ Dogs recovenng from deep hemor- 
rhagic shock succumb to 25 mgs per kilogram of 
morphine given intravenously 24 hours or more 
after restoration of the blood volume This dose 
which causes extreme circulatory depression in 
the ammals recovenng from shock is about of 
the minimal fatal intravenous dose for normal un- 
anesthetized dogs Only the animals whose blood 
volume reduction was sufficient to cause death 
unless the blood loss was restored by transfusion 
of blood or plasma exhibited this sensitivity Dogs 
that had suffered large hemorrhages, and in some 
cases also sciatic stimulation for six hours, (see 
Wang, et al , 1945) and survived without replace- 
ment of lost blood could cope with the stress as 
represented by this dose of morphine, even though 
their blood volume was not restored 

These observations suggest the possibility that 
the vasomotor system, damaged dunng the penod 
of cntically reduced blood volume, remains un- 
stable for some time after the restoration of the 
blood volume The response to morphme may be 
considered a crude index of the rate of rehabilita- 
tion of dogs recovenng from shock [IT orl done 
under contract with the Office of Saentific Research 
and Development ] 

Water intoxication and the electroencephalo- 
gram E Gellhorn’ and H M Baeein (by invita- 
tion) Laby of Hewophysiology, Dept of Physi- 
ology, Univ of Minnesota, Minneapolis (read 
title) Intrapentoneal injection of 5 per cent 
at intervals of 30 minutes leads to acute 
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toMcation in rats which is characterized by the 
following changes in the electroencephalogram 
(1) Slow w'aves of a frequency of 1 to 3 per second 
and of an amplitude of 100 to 300 microvolts ap- 
pearing singly or in groups to an increasing degree 
w'lth progressing water intoxication (2) Convul- 
sive potentials either ns single or multiple spikes 
or in combination with slow waves similar to the 
pattern described by Gibbs ns petit mal and "petit 
mal variant” respectively The various types of 
convulsive and slow potentials occur in the same 
animal at different stages of water intoxication In 
general, slow potentials precede convulsive spikes 
in time In animals treated wnth dcaoxj cortico- 
sterone the E E G changes consist largely of slow 
wax'cs It IS suggested on the basis of these findings 
that the different forms of the E E G observed 
112 petit ms], grand mal, and psychomotor seizures 
are due to the same basic disturbances in bmin 
function since similar changes in the E E G mnj 
be induced by the clearly defined experimental con- 
dition of water intoxication Water intoxication is 
accompanied by a reversible decrease in heart rate 
The changes in E E G and heart rate arc not due to 
a fall in temperature since the latter was prexented 
by the application of external heat 
Electromyographic observations under cond{> 
tions of stimulation of the motor cortex Ernst 
Gellhorn and James F Bosma (by invitation) 
Laby of Neurophysiology, Dept of Physiology, 
Univ of Minnesota, Minneapolis Experiments 
were performed on the effect of stimulation of the 
motor cortex of cats and monkeys on muscular co- 
ordination by means of electromyograms Results 
were as follows (1) Very weak stimulation of the 
motor cortex causes relaxation of flexor and/or 
extensor muscle if a prc-stimulatory tonic activity 
IS demonstrable in the electromyograms Such 
cortically induced inhibition is frequently followed 
by a post-stimulatory rebound (2) With slightly 
increased intensity which calls forth a movement 
(flexion or extension) reciprocal innervation of 
agonist and antagonist may be observed whereas 
somewhat stronger stimuli cause simultaneous 
activity in flexor and extensor muscle, i e co- 
innervation and, consequently, co-contraction dur- 
ing flexion or extension (3) Variations in the 
duration of the period of stimulation exert effects 
similar to those seen in experiments involving 
different intensities Whereas reciprocal innerva- 
tion appears during the early phase of stimulation 
it IS later followed by co-innervation while the 
stimulation continues (4) An inhibitory period 
frequently precedes and follows the period of 
stimulation These phenomena are interpreted as 
indicating that with increasing number of dis- 
charging neurons the peripheral effect on individual 
muscles changes from inhibition to excitation, and 
in the case of an antagomstic pair of muscles, from 


inhibition to reciprocal innervation, and finally to 
co-inncrvation Under conditions permitting of 
facilitation the predominant typo of coordination 
of fore- and hindleg muscles in flexor and extensor 
movements of moderate intensity is that of co- 
innorvation 

Decline in the rates of sweating of men working 
in severe heat S D Gerkino (by invitation) and 
SiD noniNSON Dept of Physiology, Indiana Univ , 
Bloomington, Ind The hourly rates of sweating 
of men walking on a treadmill in severely hot en- 
vironments declined steadily during the course of 
six-hour experiments The men were well accli- 
matized to the heat and maintained water balance 
by drinking 0 1 per cent saline in the experiments 
In fifty experiments the average rate of sweating 
during the first two hours, i c , initial rate, was 
hlOD grams /hr , and the sweating rates o! the men 
declined from 10 to 80 per cent of this value by the 
sixth hour, depending upon environmental condi 
tions The decrease occurred only m relatively high 
rates of sweating since the men were able to sweat 
at a practically constant rate (about 750 grams /hr ) 
while working in moderate heat The declines ol 
the sw eating rates were distinctly greater in humic 
than in dry environments where the initial rate 
of sweating were about equal Also, in both humid 
and dry environments the decline was greate! 
when the men wore Army jungle uniforms thai 
when they wore only broadcloth shorts Anothe. 
interesting response shown by men wcanng cloth- 
ing is that there was a greater decrease in then 
rates of sweating as the imtial sweating rates in 
creased Since the decline in sweating was not 
associated with dehydration nor with a decreased 
strength of the stimulus for sweating, it is con- 
cluded that the sweating mechanism was fatigued 
in some way In many experiments the men’s body 
temperatures were increasing during the most 
rapid decline in their sweating (Robinson and 
Gerking, Proceedings, Am Physiol Soc , in Press) 
[P/iTS work was done under a contract with the 
Office of Scientific Research and Development ] 
Farther observations on humoro-electrotonic 
nature of stimulation, inhibition, summation and 
after-discharge of nerve cells. Robert Gesell, 

E T Hansen (by invitation), and Jbanb SisKEii 

(by invitation) Univ of Michigan The humoro 
electrotomc theory, which postulates that activity 
of nerve cells vanes with the intensity of their elec- 
trotonic currents, was re-examined Continuous 
faradic stimulation of inspiratory afferents was 
found to produce inspiratory tetanus of progres 
sively increasing intensity Similar stimulation of 
expiratory afferents produced comparable expira- 
tory tetanus Such temporal summation of stimuli 
suggests progressive accumulation of acetylcholine 
at excitatory poles of neurons and an associated 
increase of excitatory electrotomc current Periodi- 
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cally interrupted stimulation produced step liko 
increase of tetanus indicating step like accumula- 
tion of neurohumor 

Selective stimulation of inhibitory fibers of Her- 
ing’s nene produced progressive reduction of tidal 
air Such temporal summation of inhibition sug- 
gests accumulation of acetjloUolme at inhibitory 
poles 

Reflex inhibition and reflex stimulation produced 
after discharges lasting several minutes Double 
Henng nerve block produced a very yradual reduc 
tion of breathing These findings suggest first, a 
slow destruction of acetylcholine at excitatory and 
inhibitory poles and second, that the respiratory 
center functions normally on impulses dating sev- 
eral minutes into the past 

Spatial summation of excitatory stimuli resulted 
from bilateral Henng nerve stimulation Compar- 
able spatial summation of inhibitory stimuli re- 
sulted from bilateral stimulation of inhibitory 
intensity 

Pittmg theoretical counter BJVI F of reflex in- 
hibition against theoretical excitatory EM F of 
reflex stimulation produced expected resultant 
duninution of breathing 

Volume flow of blood through the brain of man 
at rest, during hyperventilation and while breath- 
ing high COj Frederic A Gibbs, HabrtP Max- 
toll (by invitation) and Ehna L Gibbs (by invi- 
tation) (with the technical assistance of Ruth E 
Hurwitz) Vniv of Ilhnois, College of Medtcxrte 
By injecting a suitable substance at a constant rate 
into an artery supplying the brain and determimng 
its concentration in the returmng venous stream, 
it IS possible to estimate the cerebral blood flow 
(P A Gibbs) In the present study an 0 2% solu- 
tion of Evans Blue (T-1824) was injected into the 
right internal carotid artery of seven patients 
at a rate of one ml per minute Blood samples 
Were drawn from the nght internal jugular with 
and without occlusion of the left internal jugular 
vem while simultaneous arterial samples were ob- 
tained from the femoral artery The rate of injec- 
tion and the difference m concentration of dye in 
the artenal and venous samples gave the necessary 
information for estimating the cerebral blood flow 
With this value and the arteno-xenous difference 
for oxygen it was possible to estimate oxygen con- 
sumption 

The method was checked in one case against di- 
rect volumetric determinations of cerebral blood 
flow A large canula was inserted into the nght in- 
terna! jugular vein and the left internal jugular 
vein was temporarily ligated, the cerebral venous 
return thus deflected through the nght internal 
jugular was collected in a graduate The methods 
checked to within 3% 

The average resting minute volume flow was 617 
ml per minute The average oxygen consumption 


was 39 2 ml per minute Hyperventilation invan- 
ably reduced cerebral blood flow and high COj in- 
creased it Changes in arteno venous differences 
for oxygen were in the same direction and of the 
same general magmtude as were to be expected 
from the changes in flow 
The electrokymograph application as a photo- 
electric plethysmograph Fred G Gillick (by 
invitation), Bert R Boone (by invitation), 
George C Henny (by invitation) and Morton J 
Oppbnheimer Depts of Physiology and Medical 
Physics, Temple Umv School of Medicine, Phila- 
delphia, Penna To record heart border motion we 
have used the 931-A multiplier photo tube with its 
output connected directly to the stnngof the Cam- 
bridge Simpli-trol It became evident that such a 
device could be used for recording other circulatory 
phenomena We have had marked success with its 
application as a photo electee plethy smograph 
The 931-A multiplier photo-tube has an ex- 
tremely high amplification factor and is remarkably 
stable No amplifiers are needed between the photo- 
tube and the string galvanometer of the electro- 
cardiographic recorded Records are easily obtained 
with transilluimnation of finger or toe, or by a com- 
bination of reflected, scattered and transmitted 
light from any skin surface of the body The record 
obtained has the same readability as any good elec- 
trocardiogram At standard 25 mm/sec speed the 
details of the plethysmographic record are clearly 
visualized The stnng galvanometer electrocardio- 
graph develops added usefulness in the field of the 
peripheral vascular diseases when fitted with this 
relatively simple accessory 
The renal clearance of thiosulfate m the dog 
Alfred Gilsian,* Frederick S Philips* (by in- 
vitation), and Ethol S Koelle (by invitation) 
Pharmacology Section, Medical Division, Chemical 
Warfare Service, Edgewood Arsenal, Md Thiosul- 
fate can be determined m tungstic acid filtrates of 
plasma either by reacting the thiosulfate with 
lodate in the presence of HCl and thereby oxidizing 
to sulfate or by liberating iodine from lodate and 
oxidizing thiosulfate to tetrathionate The former 
method is 8 times more sensitive than the latter 
and 18 highly accurate at plasma thiosulfate levels 
of 20 mg per cent Either method is directly appli- 
cable to unne suitably diluted 
Simultaneous determinations of the renal clear- 
ance of thiosulfate and creatinine in dogs (46 pe- 
riods in 5 dogs) have revealed a clearance ratio of 
umty 

Only 70 to 80 per cent of intravenously injected 
thiosulfate was recovered in the unne The loss for 
the most part occurred dunng and immediately 
following injection After equilibration was com- 
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mined by recorded responses to visual and auditory 
signals and by changes in ear opacity (blood con- 
tent of the ear) The gram ranged from magnitudes 
which caused no visual symptoms, to those causing 
blackout Anoxia was induced by breathing a gas 
mixture containing 11 6% oxygen and 88 5% nitro- 
gen until a steady state was reached of Millikan 
oximeter readings (ca 15 minutes), and main- 
tained during the centrifuge tests All subjects 
were at low oxygen tensions for 30-10 minutes 
Return to normal was effected by breathing room 
air again for ca 15 minutes 

Although oxyhemoglobin saturation was reduced 
to an average of 64% (range 59-75%) , as determined 
by oximetry and Van Slykes, there was no signifi- 
cant decrease in gram tolerance (average 0 1 gram , 
maximum for blackout in anj one case, 0 4 gram) 

The results support and extend those reported 
by Gauer (Luftfahrtmed 9 104, 1944) [The norl 
described in ihis abslraci was done under a contract 
with the Office of Scientific Research and Develop- 
ment ] 

Further observations on the toxic factor m 
ischemic compression shock HAnonn D Gueen, 
J Maxwell Little, and J E Hawkins, Jn Dept 
of Physiology and Pharmacology, The Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N C As a result of cross-trans- 
fusing dogs dying of ischemic compression shock 
with normal test and w ith ureter-ligated test dogs, 
it was concluded that a toxic factor is present in 
the blood of the traumatized dogs which can con- 
tribute to the death of test dogs only in the pres- 
ence of renal failure (Fed Proc 4 26, 1945) 

To test further the protective excretory capacity 
of the kidney we collected urine from the test and 
the traumatized dog at 15 min intervals and in- 
fused it intravenously into a urine recipient dog 
whose own urine was also remfused at 15 min in- 
tervals (Little, Hawkins and Green, Fed Proc 
1946) All unne was passed through a Seitz filter 
The weight ratios of the traumatized and tests 
ammals to the recipient dog were 2 6 and 1 5 re- 
spectively 

One of 4 dogs infused with urine from trauma- 
tized and test ammals died in 25 hrs , 3 of 4 control 
dogs infused with urine from cross-transfused 
normal dogs died in 20 to 61 hrs , and 6 of 14 control 
dogs infused from dogs auto-transfused between the 
femoral vessels died in 12 to 35 hrs All others sur- 
vived indefimtely An average of 11 6 ml /kg of 
donor urine was infused in the shock experiments 
and 23 6 and 10 3 ml /kg in the control experi- 
ments The mean arterial pressure remained at 
normal levels throughout the 3-7 hr periods of 
infusion 

These experiments fail to demonstrate the pres- 
ence of a sigmficant toxic factor in the urine of test 
dogs cross-transfused with dogs dying of ischemic 
compression shock 


Effect of additional carbohydrate intake without 
altered insulin dosage upon oxidation of dextrose 
by subjects with controlled diabetes mellitus 
James A Gheene Dept of Medicine, Baylor 
Univ College of Medicine, Houston, Texas The 
manner by w hieh subjects with controlled Diabetes 
Mellitus utilize additional carbohydrate without 
extra insulin has caused a great deal of controversy 
Three diabetic and two normal subjects were, 
therefore, studied in an open circuit metabolism 
chamber for the 24 hours of the fifth day of an 
nvcmgc diabetic diet and again for the 24 hours 
of the fifth day of additional carbohydrate intake 
The gaseous metabolism and nitrogen excretion 
were ascertained for each period and the oxidation 
of carbohydrate and fat were calculated from the 
non-protcin respiratory quotient Unmodified in- 
sulin was used and the first diabetic subject re- 
ceived 70 units, the second 55 units and the third 
40 units daily throughout the study The diet of 
each subject contained 1 gram of protein and 30 
calorics per kilogram of body weight per day The 
caloric content of the diet increased by the amount 
of the added carbohydrate 

The oxidation of dextrose by the first diabetic 
subject rose from 200 to 290 grams when the carbo- 
hydrate intake w as increased from 150 to 300 grams 
In the second diabetic subject it increased from 
175 to 260 grams when the intake was augmented 
from 125 to 325 grams, and it increased from 175 to 
275 grams by the third diabetic subject when the 
intake rose from 125 to 260 grams of carbohydrate 
daily 

The oxidation of dextrose by the first normal sub- 
ject increased from 125 to 4C0 grams when the car- 
bohydrate intake was altered from 110 to 405 grams 
and by the second normal subject from 135 to 275 
grams w ith an increase of intake of from 110 to 260 
grams daily 

The oxidation of dextrose per hour rose in each 
instance with the additional carbohydrate intake 
without a corresponding increase in calories pro- 
duced per hour 

DC potentials and ulnar nerve dysfunction R 
G Grenell and H S Burr (by invitation) Sec- 
tionof Ncuto- Anatomy, Yale Umv School ojMmi- 
cine By means of the DC nucrovoltmeter described 
in 1936 by Burr, Lane and Nuns, measurements 
have been made of differences in potential between 
an indifferent electrode and a moving electro e 
placed on the skin surface m an area supplied by 
the nerve whose activity is under question ea - 
mgs were taken before and after blocking o e 
ulnar nerve wuth procaine or procaine-supraremn, 
in normal human cases, in human cases with com 
plete paralysis of the nerve or in various stages o 
regeneration, and in cases of sympathectomy of t e 
extremity 

It has been found that following procaine blocK 
of a normal nerve, the surface potential difference 
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IS shifted markedly positive— many cases showing 
almost complete reversal in polarity If the nerve 
18 severed or completely degenerated no shift is 
seen, and positive peaking of the potential during 
block IS concomitant with regeneration — the shift 
increasing as regeneration progresses The observa- 
tion that these shifts occur even following sym- 
pathectomy leads to the suggestion that the E M F 
being measured is associated with a direct nerve- 
tissue relationship without any intervemng vascu- 
lar or sweating mechamsm being necessary 
The data thus obtained show that surface poten- 
tial differences arc correlated with the functional 
status of penpheral nerves and that this method 
can be used chmcally as a simple, quantitative test 
of peripheral nerve function Expenments are in 
progress to examine the physiological mechamsms 
involved [Part oj the work was carried out at the 
U S Naval Hospital at St Albans, hong Island ] 
Studies of the central or reflex control of the 
circulation several years after sympathectomy 
Keech S Grimbon From the Dept of Surgery of 
Duke Univ School of Medicine and of the JJniv of 
Chicago The effect of obstruction of the carotid 
arteries, stimulation of the sciatic nerves, inhala- 
tion of gas mixtures with deficient and with excess 
oxygen or with excess carbon dioxide, cervical 
vagotomy and central vagus stimulation, activation 
of the carotid sinus reflex and the vasomotor re- 
sponse of blood pressure and of volume of the spleen 
and of circulation through the leg, and the effect 
of adrenalin, atropine, and mcotme has been stud- 
ied on normal dogs, and on dogs sympathectomized 
a few months and also dogs sympathectomized sev- 
eral years The responses indicate that vasomotor 
control IS largely abolished by complete sym- 
pathectomy but that after several j ears a defimte 
but incomplete recovery occurs 
Centrifugal course of functional deterioration 
in motor nerve deprived of circulating blood R A 
Groat and H Koenig (by invitation) Inst of 
Neurology, Northwestern Umv Medical School, 
Chicago The medial popliteal trunk and contnbut- 
ing ventral roots were exposed in chloralosane 
anesthetized cats Electrical thresholds of points 
on this circulated nerve preparation (nerve-roots 
-1- trunk) were determined as the least electrical 
stimulus evoking either a contraction of gastroc- 
nemius or the “A” wave led from the distal end 
Then the trachea was clamped and thresholds re- 
corded until responses failed 
The most proximal point was invanablj first to 
undergo increase in threshold, progressing to inex- 
citabihty With time, successively more distal 
points underwent similar change 
The gradient of detenoration in the proximal 
25-40% of the nerve differed from that in the distal 
CO-76% At a given point in the proximal segment 
the time interval between first nse in threshold 
and inexcitabihtj was short Two or 3 cm distal to 


a nearly completely inexcitable point there was 
little or no threshold change In the distal segment 
rate of threshold elevation usually lagged at first, 
and points of moderately elevated threshold oc- 
curred along 5-6 cm of nerve Then widely sep- 
arated points became inexcitable within a short 
time 

Points 6 and 85% of the distance between proxi- 
mal and distal ends of the nerve underwent 5-fold 
threshold increase in 13 and 96 minutes respec- 
tively 

Roots were completely inexcitable before onset 
of threshold elevation at mid-level of the nerve 

Slower motor fibers in roots detenorated before 
faster ones, and in the trunk the fastest fibers sur- 
vived longest [Aided by grant, National Founda- 
tion for Infantile Paralysis ] 

Changes in the acid-base balance of the blood 
during asphyxia F S Grodins, Aixbn Lein (by 
invitation), and Harry F Abler Dept of Physi- 
ology, AAF School of Aviation Medicine, Ran- 
dolph Field, Texas Changes in blood acid-base 
balance of lightly nembutalized dogs asphyxiated 
either by tracheal obstruction or bj pure mtrogen 
were studied Total COi content and pH of plasma 
from arterial or cerebral venous blood were deter- 
mmed, pCO and bicarbonate content were calcu- 
lated by means of the Henderson-Hasselbach 
equation 

In SIX obstructed dogs, mean arterial pH fell 
steadily from 7 40 to 7 19 after 6 5 minutes At this 
time, blood pressure had fallen to zero Arterial 
plasma bicarbonate content rose from 46 6 vol % 
to an average maximum of 68 0 three minutes after 
obstruction and then decreased to 52 7 vol % 
after 6 5 minutes Arterial pCOi rose from 35 2 mm 
Hg to a maximum of 64 7 in 5 5 minutes and then 
fell slightly In cerebral venous blood (3 dogs), 
an average maximum pCOj of 71 9 mm Hg was 
found These changes indicate an early respiratory 
acidosis with a late metabolic acidosis supenm- 
posed 

In SLX ammals asphyxiated with nitrogen, ar- 
tenal pH rose to an average maximum of 7 72 at the 
height of hyperventilation The corresponding 
pCOi value was 16 8 mm Hg With respiratoiy 
depression and apnea, pH fell and pCOj rose After 
5 5 minutes, the pH had fallen to 7 37 which was 
below the control value of 7 43 The corresponding 
pCO, value was 39 8 mm Hg which was higher 
than the control value of 36 1 The onginal respira- 
tory alkalosis appears to ha\e been overcome by 
the late respiratory and metabolic acidosis so that 
both (H'*') and pCOi are above the control values 
at the time circulation fails 

Prevention of ulcer in Mann-Williamson dogs 
by the oral administration of intestinal extracts 
M I Grossman (by invitation) and A C Ixt 
Dept of Physiology, Northwestern Univ Medical 
School, Chicago When Mann-Williamson dogs are 
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concentrated in regard to cntcrogastrono content, 
only 25 per cent of the animals develop ulcer ns 
compared with 98 per cent of untreated controls 
(Ivy, Gastroenterology, 3 G, 1944) There is some 
question as to whether the beneficial effect of these 
extracts is duo to their enterognstrone content 
because (1) the dose used causes only a slight and 
transient depression of acid secretion and (2) the 
protection afforded by this treatment persists after 
the injections have been stopped (in contrast iiith 
treatment by aluminum phosphate) 

Variously prepared acid extracts of the upper 
intestinal mucosa of hogs have now been adminis- 
tered to Mann-Williamson dogs daily by mouth 
Of 17 dogs so treated and observed from 3 to 17 
months, 3 have developed ulcers in an average 
period of 6 months, 3 have died of other causes 
without ulcer in an average of 10 months, and 11 
animals are living from 3 tolG months post-opera- 
tively In 3 of these 11 animals treatment was dis- 
continued at the end of 9 months and from 5 to 7 
months have now elapsed since cessation of treat- 
ment 

These results indicate that the oral administra- 
tion of intestinal extracts is ns cfTcctuc as treat- 
ment by the parenteral route in preventing experi- 
mental post-operative ulcer Inasmuch as cntcro- 
gastrone concentrates do not depress gastric 
secretion when administered orally, further sup- 
port 13 added to the concept that the enterognstrone 
is not the anti-ulcer factor in intestinal extracts 
Furthermore, a product which can bo produced in 
quantity and tested clinically in patients with 
peptic ulcer is afforded 

The origin of electrical activity from spinal 
afferent stimulation of the inferior oliic of cats 
Hahrt Grundfest Dept of Neurology, College of 
Physicians and Surgeons, Columbia Univ , New 
York Electrical activity of the inferior olive of 
cats following spinal afferent stimulation has been 
recorded using needle micro-electrodes The largest 
and earliest response occurs from contralateral 
afferent stimulation It represents summated ac- 
tivity lasting about 20 msec A smaller response, 
later by 1 to 2 msec arises from ipsilateral stimula- 
tion, usually taking the form of 2 or more small, 
discrete spikes discharged at intervals 1 to 2 msec 
apart 

In a typical experiment, tibial or peroneal stimu- 
lation caused a contralateral olivary response after 
5 9 msec The afferent activity, earned in the ip- 
silateral dorsal column, arrived at the nucleus 
gracilis at 5 8 msec The olivary response therefore 
cannot have arisen from activity imtiated through 
the nucleus gracilis and must have been caused by 
impulses arriving in a more rapidly conducting 
tract The only tract delivering impulses at the 
medulla earlier is the dorsal spinocerebellar In 


tne liDovo expcriincnt, tins tract clclivcrctl its im- 
pulses to the medulla in 4 4 msec , 1 6 msec prior 
to the onset of contralateral olivary activity A 
variety of transection and stimulation experiments 
indicate that the earliest and largest activity 
of the inferior olive is initiated through impulses 
ascending in dorsal spinocerebellar fibers or in a 
parallel, contiguous, large fibered system The 
interval of 1 6 msec between the arrival of im- 
pulses via Flechsig’s tract and onset of contrala- 
teral olivary activity affords ample time for con- 
duction of activity across the medulla and for relay 
into the olive 

Rclalionshlp of “psychoncurolic” changes to 
carbohydrate utilization in men on cxpcnmentnlly 
varied intake of B-complex vitamins Harold 
Guitzkow (by invitation), Austin Hensciiel and 
Josef BnozrK (by invitation) Univ of Minnesota, 
Minneapolis Ten subjects were maintained, with 
constant activity, on diets restricted in thiamine, 
eventually resulting in acute deficiency 

The difference between fasting and post-inges- 
tion blood sugar concentrations was determined 30, 
GO, and 90 minutes after ingesting 100 grams glu- 
cose, the sum of the three differences was used as 
an index of glucose tolerance The average score 
on three scales of the Minnesota Multiphasic Per- 
sonality Inventory — hypochondriasis, depression, 
hystena — were used as a "psy choncurotic” index 

Both indices showed marked changes For in- 
stance, four men who received the least thiamine 
liad an average rise in their glucose tolerance index 
from GO (control) to 118 mg % at the end of the 
acute deficiency , the corresponding psy choneuro- 
tic indices were 52 and 84 (normal average = 50, 
= ±10) However, the product-moment correla- 
tion between the two indices within individuals 
was only -f 41 (39 pairs) In a similar experiment 
with 8 men maintained on varied intakes of the 
B-complex, again resulting in acute deficiency, 
with thiamine lack as the predominant factor, the 
correlation was -j- 28 (23 pairs) When the data for 
both experiments were pooled, the correlation was 
-f- 41 (62 pairs) 

Hence in men on an inadequate intake of the B 
vitamins, particularly thiamine, there was a low 
but statistically significant correlation between 
the decreased ability, as measured by glucose 
tolerance, to utilize carbohydrates, and the ten- 
dency toward psychoneurosis There is no evidence 
that this relationship is one of cause and effect 
rather than merely one of similar response to a 
third factor or factors [T/us work was supports 
in part under a contract with the Office of Scientific 
Research and Development Support from other 
sources will be acknowledged in final publication J 

Cerebral lactic acid and phosphates in con- 
cussion (Read by title ) E S Gurdjian 
vitation) and W E Stone Wayne Univ College 
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0 / Medicine and Grace Hospilal, Detroit In 12 
morplumzed dogs, a trephine opening was made 
over each cerebral hemisphere The holes were 
threaded and one closed by a threaded plug 
Through the other the cerebral cavity was con- 
nected to a short column of saline in a long tube 
A weight was dropped on the column of liquid to 
produce concussion The tube and plug were re- 
moved and the brain frozen tn situ Freezing began 
15-67 seconds after injury Specimens of cerebrum 
were removed through the opemngs 

Two animals were immobilized with dihydro- 
beta-erythroidine and maintained by artificial 
respiration In others, artificial respiration was 
given manually after concussion Arterial oxygen 
saturation remained adequate Concussion caused 
a sudden nee in blood pressure, and produced 
extensor spasm in animals not erythroidimzed 

No Bigmficant changes in phosphocreatme or 
adenosine triphosphate occurred Cerebral lactic 
acid was normal (as compared with previous data) 
in both hemispheres in 5 animals Slightly increased 
lactic acid was found subjacent to the column of 
liquid in 7 animals and contralaterally in two 
Since in 8 controls prepared in the same manner 
similar high values were found m 4 specimens from 
3 ammals, these changes may be artefacts due to 
the mampulations 

From these results it appears that concussion 
can occur without Bigmficant changes in cerebral 
lactic acid, phosphocreatme or adenosine tnphos- 
phate observable 15 to 67 seconds after the blow 
A previous report showed similar results 15 to 85 
minutes after injury The symptoms of concussion 
therefore are not referable to generalized anoxic 
changes in the bram 

Cause and prevention of a type of leg deformity 
in brooder raised chicks C C Guthrie Dept of 
Physiology and Pharmacology, School of Medicine, 
Univ of Pittsburgh (Read by title ) In an exten- 
sive study of numerous diets on growth* many of 
the chicks soon developed leg deformities, some to 
the extent of being incapable of walking or stand- 
ing The floors were of smooth screen wire and it 
was obvious that the deformities were due to the 
slippery footing Ordinary rough wood plaster laths 
cut to proper length to fit into diagonal corners of 
the brooder compartments thus being held on edge 
on the floor, prevented further occurrence and 
alleviated the condition when not too far advanced 
Later when transferred to larger similarly floored 
battery compartments, some of the chickens soon 
showed symptoms of the same trouble which 
likewise was corrected by introducing rough sur- 


the condition consisting mainly of strained ad- 
ductor muscles and ligaments, slipped tendons, and 
partially dislocated and deformed joints There 
was no relation of the condition to the character 
of the feeds 

Observation on work capacity, work perform- 
ance, and certain metabolic processes when 
strenuous exercise was taken after isocalonc 
meals of low and high carbohydrate content 
John Hamh and Winfrbt Wthn (by invitation) 
Dept of Physiology, Emory Untv , Emory Unw , 
Ga On the basis of climcal observations it is 
stated in the literature that a high carbohydrate 
meal is conducive to a lowering of the blood sugar 
concentration several hours later and a concomitant 
reduction in work capacity Our expenments con- 
ducted on four subjects failed to confirm this 
assumption The experimental procedure was as 
follows On alternate days of the experiment the 
subjects ate isocalonc midday meals of a high and 
low carbohydrate content, respectively Approxi- 
mately three hours later they rode on a bicycle 
ergometer to exhaustion , rested in the recumbent 
position for 10 minutes , and then rode to exhaus- 
tion 

Throughout the expenment which included two 
10 minute preliminary rest penods, two exercise 
penods with a 10 minute rest penod intervemng, 
and three 10 minute recovery penods, the expired 
air was measured and samples analyzed for deter- 
mimng oxygen consumption and carbon dioxide 
elimination Blood samples were taken at regular 
intervals for analyses of the sugar and lactic acid 
content 

There was no significant difference in the amount 
of work done in the first exercise penod or in the 
percentage recovery in the second exercise penod 
after the two types of meals The blood sugar level 
immediately before exercise was higher after the 
meal nch in carbohydrate, but at the conclusion 
of the exercise penods and at the end of the 
recovery penods it was at approximately the same 
level as when a low carbohydrate meal was eaten 
Data will be presented on the respiratory exchange, 
muscular efficiency and lactic acid changes in the 
blood 

Respiratory efficiency at altitude F G Hall 
Dept of Physiology and Pharmacology, Dale 
Univ School of Medicine, Durham, N C and 
Aero Medical Lahy , TTnght Field, Dayton, Ohio 
Results of analyses of arterial blood withdrawn 
from individuals at vanous low pressures indicate 
that an effective equilibnum between artenal 
blood and alveolar air is maintained at eqmvalent 
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factor in supplying available oxygen at rest or even 
in moderate exercise 

The thermal (copper) man — a neii instrument 
for the study of radiation and conicclton heat 
loss in man John F Hail, Jr , (introduced by 
A P Gaggo) Aero Medical Lahy , Air Technical 
Service Command, Wright Field, Dayton, Ohio An 
electrically heated copper man, constructed by the 
General Electric Company, has been used to study 
the radiation and convection heat loss from both 
nude and clothed man Its total surface area is 1 71 
square meters and is finished in dull black in order 
to closely simulate the radiation cliaracleristics of a 
black body Operated on 110 volt AC current the 
control assembly consists of 13 separate units 
corresponding to various body and extremity 
areas The heating of specific regions is conse- 
quently under independent control uhilc a master 
control regulates heat input to the body as a uhole 

Surface temperatures arc measured vitli 32 
copper-constantan thermocouples imbedded in the 
surface which are automatically or manually re- 
corded depending upon the precision of measure- 
ment required Determination of copper man 
surface and clothing surface temperatures, after 
equilibrium with various heat inputs, affords pre- 
cise measurement of the thermal insulation of 
various types of clothing assemblies 

The thermal man permits the division of cold 
tolerance in man into two basic components 
(a) the thermal insulation afforded by the clothing 
itself, and (b) the biophysical response to the 
calone demand of the environment Studies of the 
former type have now been largely completed and 
attention is being directed toward biophysical 
studies, based on this application of the method of 
the physical model These studies include regional 
analysis of heat loss from the body, determination 
of radiation and convection coefficiente for the body 
and other biophysical characteristics 

Radar measurement of rates of free fall of 
anthropomorphic dummies and man George 
Hallenbeck (by invitation). Jack Glazier (by 
inxntation) and George Maison Aero Medical 
Lahy , AT SC, Wright Field (Read by title ) 
Problems of parachute escape and present knowl- 
edge of high shock forces resulting from parachute 
opemng at high altitudes demand more information 
on man’s rate of free fall for prediction of wind 
velocities he must withstand and duration of 
exposure to cold and anoxia Figures thus far 
available are based almost entirely on theoretical 
considerations To actually measure rates of free 
fall, anthropomorphic dummies and a man were 
tracked by radar during free fall from altitudes up 
to 40,000 feet Analysis of radar data provided 
vertical velocities at various altitudes and curves 
of altitude versus time during descent A freely 
falling body reaches terminal velocity when its 


drag equals its weight At terminal velocity, drag 

«=■ weight ■= CbS = ^ where Cd ^ drag coeffi- 

cient, S ■= drag area, p = air density, and v = 
velocity The CoS of a nonsy mmetneal object 
\ancs with changes of attitude dunng fall "With 
weight and velocity known and with air density 
obtained from standard atmosphere tables, CdS 
values for the dummies and the man were calcu- 
lated thus 



Dummy weight, llu 

Man, 

lbs 


ISO 

220 

280 

240 

Number of Drops 

8 

0 

n 

1 

Mean CpS 

6 53 

G 30 

6 90 

3 07 

Standard Dcriation 

0 37 

0 35 

0 29 

0 23 

No of Obscnallons 

75 

50 

ST 

24 


More data on rates of free fall of man arc needed 
to discover whether the fact that this man had a 
lower CpS and fell faster than the dummies is the 
exception or the rule By assuming CpS values 
in the range of 3 5 to 7 and various weights, one can 
draw predictive curves of time required to fall 
freely at terminal velocity from any given altitude 
to sea level and calculate wind velocities encoun- 
tered dunng fall 

Comparison of effects of positive G on subjects 
studied at both the Mayo and Air Technical 
Service Command Centrifuges G A Hallenbeck 
(by invitation), E H Wood, E H Lambert and 
S C Allen Acceleration Laby , Mayo Aero Medi- 
cal Unit, Rochester, Minnesota, Aero Medical 
Lahy , Engineering Division, AAF Air Technical 
Service Command, Wright Field, Ohio G tolerances 
of twelve men were determined on the ATSC 
centrifuge (radius 20 feet) and on the Mayo centn- 
fuge (radius 15 feet) At the Mayo laboratory , 
tests were run in an illuminated room, at ATSC, 
in darkness The time from 1 5 g to 6 g was 2 6 
seconds on the Mayo centnfuge and 1 8 seconds 
on the ATSC centnfuge In both laboratonw 
(a) duration of maximal g was 15 seconds, ( ) 
environmental temperature was 70 to 72 > 

(c) subjects were urged to relax, (d) vision was 
tested using similar light signal systems, (e) e 
g-time curves, response to light signals, e ec to 
cardiogram, heart rate, ear pulse 
were recorded Recording methods di ere ec 

mcally in some cases , 

Average accelerations at heart leva a w i 
vision was dimmed, lost penphe y an 
completely were 4 3 g, 4 8 g and ^ ^ g, respec i , 
on the ATSC centnfuge These values were 0 6 
g higher (P < 0 001) than those obtained on t 

Mayo centnfuge , 

Heart rates prior to g exposure averaged ten 
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beats per minute faster on the ATSC centnfuge, 
suggesting that the differences in g tolerance 
obtained are related more to differences in psycho- 
logical factors associated with exposure to g on the 
two centnfuges than to any physical differences 
between the two machines 

Comparison of the time concentration curves 
in arterial blood of dye injected at a constant 
rate with that of dye injected Intravenously 
W F Hamimon and John W Remington Dept 
of Physiology, Umv of Georgia School of Medicine, 
Augusta, Georgia When a foreign substance is 
injected into a vein at a constant rate, it is said 
to reach a umform concentration in the arterial 
blood before recirculation Such a plateau, if it 
exists, can be used to indicate the cardiac output 
Published evidence for the plateau is elusive and 
contradictory Theoretical considerations lead to 
questiomng its existence 

A solution of bnlliant vital red was injected 
at a constant rate into the jugular vein, and the 
concentration of dye in the arterial stream was 
sampled about eveiy second Curves so made 
showed a steady nse which continued for a few 
seconds longer than the injection When the injec- 
tion IS made instantaneously, the tune concentra 
tion curve is well known, both vnth and without 
recirculation (Am J Physiol , 89 302, 102 550) 
The curve resulting from a continuous injection 
should be predictable from an integration of a senes 
of curves made by successive instantaneous injec- 
tions Three forms resulted from these calculations, 
each similar to those found experimentally (1) 
With flow that does not recirculate, the concentra 
tion asymptotically approaches a level predicting 
the flow This level is not closely approximated 
until after the lapse of at least four tunes the penod 
needed for the first dye to appear With recirculat- 
ing flow, the curve may either (2) continuously 
rise, or (3) if injection ceases after 10 to 25 sec , 
reach a rounded summit whose height vanes with 
the injection time The concentration at this sum- 
mit includes twice circulated dye and cannot be 
used to calculate the cardiac output 

Somatetopic localization in the cerebellnm 
John L Hampson (by invitation), Cunton R 
Habrison (by invitation) and Clinton N 
WooLSEY Dept of Physiology, Johns Hopkins 
Univ , School of Medicine, Baltimore S, Md 
In a previous communication (Fed Proe , 1945) 
we descnbcd localized motor and inhibitory effects 
produced by electrical stimulation of antenor lobe 
and lobulus simplex in cat and dog Study has now 
been extended to monkey and stimulations of most 
of cerebellar surface of cat and dog have been 
made 

Respecting antenor tofecand simptei we may add 
(1) Strongest effects in tail are obtained from 
lingula (cat) (2) In monkey , as comjiared with cat 


and dog, the lateral antenor lobe, yielding initial 
ipsilateral active extension, is relatively more 
developed than the medial, which gives ipsilateral 
active flexion and extensor inhibition This sug- 
gests an explanation of known differences in effects 
of cerebellar ablation on muscle tonus in lower and 
higher forms (3) Simplex, in addition to control- 
ling neck and eyes, produces opening and closure 
of jaws, contraction and relaxation of orbiculans 
oculi, orbiculans ons and nasolabialis (cat and 
dog) 

From paramedian lobules (cat, dog, monkey) 
active flexions and extensions, usually ipsilateral, 
sometimes bilateral, were produced Inhibition 
was not prominent Sonmtotopic localization is as 
follows upper folia, face, middle folia, arm, 
lower folia, leg and tail 

Other results were as follows pyramia, bilateral 
movements of arm and leg, tuber vermis, conjugate 
eye movements, crus I and II, no definite effects 

Somatotopic localization is similar to that 
described for afferent systems (Smder and Stowell , 
Adrian, Dow and Anderson) A parallelism be- 
tween anterior lobe simplex and rolandic cortex 
and between paramedian lobules and cortical so- 
matic area II (Woolsey, Fed Proe , 1946) is in- 
dicated 

Depolarisation in the spinal cord caused by 
asphyxiation A van Harrbveld California 
Inst of Technology, Pasadena During asphyxia- 
tion of the spinal cord, the gray matter becomes 
negative with respect to the outside of the cord 
The manner of asphyxiation determines the 
development of this jiotential difference When 
the respiration is simply stopped it takes 45 to 
60 seconds before the first indication of the negativ- 
ity of the gray matter becomes apparent When the 
oxygen is washed out of the system by making the 
animal breathe mtrogen, the potential difference 
starts to develop after 20 to 30 seconds Finally 
when asphyxiation is caused by clamping the aorta 
between the diaphragm and the coehac artery the 
first indication of negativity of the gray matter is 
seen after about 10 seconds Potential differences 
up to 10 millivolts have been recorded When 
after an asphyxiation of 1 to 2 minutes the cord is 
again oxygenated, the jjotential difference disap- 
pears usually within one minute It is likely that 
this negativity of the gray matter is the expression 
of the depolansation of the parts of the neurons 
most sensitive to oxygen lack According to the 
membrane theory this would create a jxitential 
difference between the depolansed and the intact 
parts of the neuron 

Ventricular fibrillation and standstill in coro- 
nary occlusion, anoxia and hemorrhage A Sidney 
Harris Dept of Physiology, II estem Reserve 
Umv Medical School, Cleveland, Ohio Dunng 
recent years numerous observations upon the 



experimental conditions simulating natural causes 
of death have accumulated Among those experi- 
mental conditions are (1) occlusion of a coronary 
artery, (2) generalized anoxia produced by breath- 
ing air with a progressively lowered oxygon con- 
tent, and (3) hemorrhage 

Upon clamping the anterior descending artery 
the ventncles fibnllated iiithin less than ten min- 
utes in twenty-five out of forty-six trials in nine 
out of fourteen animals Of the twenty -one failures 
to fibrillate during occlusion four fibnllated soon 
after release of the clamp 

In forty-two dogs subjected to generalized anoxia 
there was one fibrillation death and all others ended 
in ventricular standstill In some cases the auricles 
continued beating for some time after the ventricles 
ceased their action 

In fourteen dogs djing from licmorrlinge there 
were two fibrillations and twelve cases of pace- 
maker failure usually followed by a brief period of 
nodal rhythm 

Frequent fibrillations in coronarj' occlusion 
affecting a local area and rarity of fibnllation m 
conditions affecting all parts is consistent with 
our previous findings that (1) fibrillations are 
prone to occur under conditions which produce 
rapidly discharging ectopic foci, (2) the ischemic- 
nomschenuc boundary in coronarj' occlusion is a 
source of ectopic impulses and (3) ischemic areas 
are hypoactive and not likely to initiate impulses 

The influence of extrinsic gastro-intestinal 
mnervation on dexedrine induced anorexia 
C Harris (by invitation) and A C Ivi 
DeTpt of Physiology, Northwestern Unxv Medical 
School, Chicago A satisfactory procedure for the 
study of dextro-amphetaraine (Dexednne) in- 
duced anorexia in dogs has been developed Each 
day, at the same hour, a weighed dish of food is 
presented to each ammal After 45 minutes the 
dish is removed and again weighed Every meal 
was the same in composition and water content 

The experimental design consisted of (1) estab- 
lishing the range of daily vanation of food intake 
and body weight, (2) the modification of food intake 
and body weight induced by (a) the medication, 
(b) supradiaphragmatic bilateral vagotomy, (c) 
bilateral splanchnicectomy and (d) medication 
after the surgical procedures 

The results observed were (1) Daily food inges- 
tion and body weight were found to be quite stable 
during control periods (2) Admimstration of 
Dexednne, subcutaneously, one hour before feed- 
ing caused anorexia proportional to the dose, 
the animals ate ravenously the first day after the 
cessation of the penod of medication This occurred 
on every one of 21 such occasions (3) Neither 
vagotomy, splanchmcectomy nor the combination 
of the two surgical procedures modified the daily 


studied (4) The modification of food intake and 
body weight caused by Dexednne was the same 
after vagotomy and Bplanchnicectomy (either 
alone or together) ns before surgery 

It IS coneliided from these observations that 
Dexednne induces anorexia bj acting on the central 
nervous system [This work was aided in -part by a 
grant from the Smith, Kline and French Labys ] 

A sodium retaining substance of the adrenal. 
Frank A Hartman and Jonathan S TnATOiER 
(by invitation) Dept of Physiology, The Ohio 
State Univ , Columbus A substance highly potent 
in its ability to cause retention of sodium in the 
body has been prepared in three ways, vnz by 
fractional solvent precipitation, by molecular 
distillation, and bj chromatographic adsorption 
The latter appears to produce little loss in potencj , 
which IS not true for the other methods There is 
great difference in the behavior of this substance 
and desoxycorticosteronc (DC) on a column of 
alumina Their solubilities arc also quite different 
This substance is soluble in mcthjl and ethyl 
alcohol, propjlenc gljcol, glacial acetic acid, and 
acetic anhjdridc, partially soluble in acetone, and 
insoluble in chloroform, ethylene dichlonde, 
benzol, carbon tetrachloride, petroleum and ethyl 
ethers and pjndinc It is somewhat soluble in 
water and insoluble in dilute (0 1 N) hjdrochlono 
acid, but verj' soluble in dilute (0 1 N) sodium 
hjdroxide It distills above 120°C at 10^ mm 
Hg, while DC distills at OO-OS'C at KT* mm 
Hg It lias no effect on potassium excretion Treat- 
ment with 0 1 N HCl destroj s a considerable 
proportion of the potency and forms NaCl Acetyla- 
tion destroys part of the potency with evolution of 
a large amount of heat 

Injury of the inner ear produced by exposure 
to loud tones J E Hawkins, Jr H Davis 
and M H Lurie (by invitation) Depts of Physio- 
logy and of Otology and Laryngology, Harvard 
Medical School, Boston Severe damage to the 
cochlea of guinea pigs was produced, without m- 
jury to eardrum, ossicles or vestibular apparatus, 
by exposure to loud (140 to 157 db) pure tones 
The least damage, Qoss of mesothelial cells from 
the lower surface of the basilar membrane) was 
produced by 1000 cycles at 140 db for 3 minutes 
More intense tones and longer exposures caused 
degenerative changes in the sensory cells, rupture 
and dislocation of the organ of Corti, and ultimate 
degeneration of nerve fibers and ganglion cells 
Mild damage was localized, nearer to oval window 
for high, nearer to helicotrema for low tones, bu 
severe exposure caused widespread permanen 
damage The aural rmcrophomes were impaired y 
severe exposure There was some general corres 

1 Present address Deportment of Physiology, Bowman Gray 
School of Mediome 
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pondcEce, botLas to frequency (place) and degree, 
with anatomical changes, but their relationship 
to anatomical damage and to hearing losses deter- 
mined by conditioned reflexes is too erratic to make 
the “eleotncal audiogram” a reliable method of 
assessing injury to the ear 
Hypotensive reactions to cross-transfnsion 
m dogs J E Hawkins, Jk , Habold D Gbeen, 
and J Maxwell Lettle Dept of Physiology and 
Pharmacology, The Bowman Gray School of Medi- 
cine of Wake Forest College, Winston-Salem, N C 
(Read by title ) In 15 of 33 cross-transfusion 
experiments between pairs of dogs anesthetized 
with morphine-pentobarbital, a sharp decline in 
the mean arterial pressure of one or both animals 
occurred within 5-15 min and with the exchange 
of as little as 200 ml of blood In 13 of the 21 
animals showing the reaction, the pressure dropped 
to 50 mm Hg or less, and the cross transfusion 
was temporarily stopped The penod of hypoten- 
sion lasted 5-80 min (average 20 nun ) In only 
two animals did a second reaction occur when 
the cross transfusion was resumed 

The reaction was not accompanied by any change 
m the rectal temperature of the animal, nor did 
the color of the unne mdicate that hemolysis had 
occurred 

The plasma of all 21 dogs showing hypotensive 
reactions had been matched against the cells of the 
opposite member of the pair by the Landsteiner 
techmque In no instance was agglutination seen 
In 2 matches slight agglutination was seen but in 
these animals no reaction occurred Moderate 
rouleaux formation was observed in the plasma of 
6 dogs and each of these developed moderate to 
marked reactions In 12 experiments in which 
reactions occurred, no evidence of incompatibility 
was observed when the bloods were cross-matched 

The 17-ketosteroids in plasma, urine and sweat 
Oscar Hechter (by invitation) and Gregory 
PiNCus The Worcester Foundation for Experi- 
mental Biology, Shrewshury, Massachusetts To 
obtain information concermng the blood concentra- 
tion and the chemical state of circulating 17- 
ketosteroids, comparative studies on the 17- 
kefosteroids in human plasma, urine, and sweat 
were undertaken While the absorption curves 
obtained with ketomc neutral urinary extracts 
using either the m dimtrobenzene or the SbCl, reac- 
tion closely resemble those of pure 17-ketosteroids, 
similar extracts of both plasma and sweat exhibit 
atypical absorption curves exhibiting no charac- 
teristic ketosteroid peak Study of the chromogenic 
material in plasma revealed that approximately 
10 % 13 directly extractable with ether, that the 
major fraction (co 65%) is ether extractable after 
alcohol-ether heat denaturation of the plasma 
proteins, tliat acid hydrolysis of the material in 
tin- nlcnhnl other hltmto xioWs nn nrlHitmool ISCZ. 


and that there is approximately 10% remaining 
with the denatured plasma protein Purification 
of the ketomc material of the plasma fractions to 
remove extraneous chromogens suggests that 
certain fractions may contain true 17-ketosteroid 
To explain the differences observed between the 
chromogens in unne and those in plasma and sweat, 
it 18 necessary to postulate renal reabsorption of 
the atypical plasma chromogens Preliminary 
studies indicate that this renal reabsorption 
mechamsm may be affected by heat stress 

Heat death, heat injury and toxic factor L 
V Heilbrtjnn Dept of Zoology, Vnio of Pennsyl- 
vania A study was made of the heat death of rats 
and guinea-pigs and the survival time at vanous 
temperatures was noted When the legs of rats are 
exposed to temperatures of 45‘’C , the animals die 
in about 2J hours Gmnea-pigs are not so sensi- 
tive to partial exposure Death is believed to be 
due to the production of toxic factor by heat-killed 
tissues, especially muscles Watery extracts of 
muscles injected intrapentoneally into rata cause 
death with symptoms very similar to those ob- 
served when animals die in the hot room In heat- 
killed rabbits and scalded dogs, it was sometimes 
possible to show presence of a high concentration 
of toxic factor in blood The toxic factor contains 
potassium but is not solely potassium This is 
shown by the blood expenments but even more 
clearly by experiments in which protoplasm of sea- 
urchin eggs IS used as an mdicator for toxic factor 
The surface precipitation reaction of oxalated 
sea-urchin eggs occurs only if thrombm-hke sub- 
stances are present Such substances can readily 
be demonstrated in muscle extracts Attempts to 
concentrate toxic factor in muscle extracts often 
lead to loss of toxic factor Apparently toxic factor 
may combine with an insoluble (protem) phase 
and be lost from solution Also the presence of 
sodium seems to favor the loss in potency of toxic 
factor These results are to be correlated with the 
fact that injection of thrombin produces shock 
(Tagnon) , also with the fact that NaCl is a thera- 
peutic agent both for bums and for heat prostra- 
tion 

Gonad-pitnitary relationship— metabolism of 
pituitary gonadotrophins by ovaries transplanted 
into the spleen CarlG Heller, (by invitation), 
Edwin C Juxgck, (by invitation) Dept of Physi- 
ology and Medicine, Univ of Oregon Medical 
School, Portland, Warren 0 Nelson, Dept of 
Anatomy, Univ of Iowa, Iowa City, and Helen 
A Winter (by invitation) Dept of Anatomy, 
Columbia Univ , Eew Yorl Regulation of gonado- 
trophic storage, secretion and excretion and of 
ovarian secretion may theoreticallv be governed 
bv (1) action of estrogens upon the pituitary gland, 

ftrfmn nf p«:tTYVcri»TiQ HTwn rwori. 



metabolizing of circulating gonadotrophins by 
ovarian action 

In order to test whether the ovary “uaca” or 
metabolizes gonadotrophins, ovaries of adult albino 
rata were auto-transplanted into the spleen, thus 
materially reducing the amount of estrogen reach- 
ing the general circulation and therebj tho 
pituitary 

Estrogen was inactivated by the liver to such an 
extent that in effect the rats became castrates ns 
judged by atrophy of vaginal cells, atrophy of tho 
uterus, and hypertrophy of tho thymus 

The ovaries transplanted to tho spleens in- 
creased m weight from 2 to 6 times in 30 to 00 dajs 

Assays of the anterior pituitancs of the experi- 
mental group V ere compared w ilh assays of normal, 
castrated and ovancs-transplantcd-to-splccn-nith- 
vascular-adhesions-to-systemic-circulation control 
groups The experimental group did not exhibit 
a rise in gonadotrophins that the castrated controls 
did 

It 16 concluded that ovaries metabolize gonado- 
trophins, that ovarian growth activity is partly 
regulated by blood estrogen level and tliat the liver 
IS capable of inactivating estrogens secreted by 
viable ovaries transplanted to the spleen 

Response of blood pressure and pulse rate of 
the new born rat to changes in bodj temperature 
H F HELMHot,z,Jn (introduced by F C Mann) 
Division of Expenmcnlal Medicine, Mayo Foxmda- 
tion, Rochester, Minnesota Since it has been shown 
’ ^ the new born rat is essentially a poikilo- 
thermic animal, the blood pressure and pulse rate 
of a series of these animals was studied in response 
to temperature changes The carotid arteries w ere 
canulated and the mean blood pressure and the 
pulse rate recorded using a damped glass spoon 
manometer Rectal temperatures were recorded 
simultaneously by means of a differential thermo- 
couple The temperature of the animals W'as in- 
fluenced by means of water flowing through the 
metal platform on which the animals were held 

From the starting blood pressure and pulse rates 
at 37 “C, lowering of the body temperature caused 
parallel fall of both pulse rate and blood pressure 
Reheating from as low as 20 °C brought values to 
essentially original levels Raising the body tem- 
perature above 37 °C caused at first parallel nee in 
blood pressure and pulse rate Increase beyond a 
certain temperature, quite variable in this series, 
caused a drop in blood pressure but still further 
increase in pulse rate Cooling to 37 °C from temper- 
atures as high as 43 °C brought values again to 
essentially original levels after exposures up to one 
half hour duration 

The electrokymograph an apparatus for record- 
ing motion (for example, that of the heart shadow 
border) Geohge C Hennt, Bekt R Boone and 
W Edward Chamberlain (introduced by Morton 


J Oppcnheimcr) Depts of Radiology and Medical 
Physics, Temple Univ School of Medicine, Phila- 
delphia, Penna The 931-A multiplier photo-tube, 
used w ith a recording galvanometer, w ill accurately 
record variations in light intensity at the photo- 
sensitive surface of the tube Such variations in 
light intensity may be produced in various ways 
from physiological motions in the human or animal 
body With proper application these motions are 
recorded with fidelity, (Amer J Roentgenol 
54 217-229, 1915) For example the motion of a 
selected point on the border of tho fluoroscopic 
silhouette of a patient’s heart may be recorded 
This 18 done by placing a small piece of fluorescent 
screen directly over the light aperture of tho photo- 
tube The fluoroscopic x-ray beam, after passing 
the selected part of the heart border, traverses a 
scries of apertures in a simple arrangement of lead 
diaphragms and falls upon the fluorescent screen 
The motion of the heart border produces vanations 
in the amount of light emitted by the screen 
Resultant xanations in the electrical output of the 
phototube arc readily recorded by a string galveno- 
meter on moving bromide paper 

Other applications, with and without the fluoro- 
Bcope, readily suggest themseUcs For example, 
very successful plcthy smographic records have 
been obtained 

The effects of anoxia on the capillary permea- 
bility of the humon arm J P Henry, Irene 
luAiN, Eli Momtt, and J P Meehan (intro- 
duced by P Greeley) from the Dcpl of Aviation 
Medicine, Univ of Southern California, Los Angeles 
The cuff technique of E M Landis, et al, J1 Chn 
Invest 11 717, 1932, was employed to study the 
effects of anoxia on capillary permeability Pre- 
liminary experiments were made to determine 
whether consecutive applications of congestion 
would give consistent results Four subjects were 
submitted at sea level to 30 minutes of venous 
congestion (60 mm Hg ) twice repeated with a 
rest penod of 60 minutes between experiments 
Hematocrit, hemoglobin, and plasma protein 
estimations were made The mean fluid loss found 
in BIX such double experiments was in the first 
experiment 5 8 -f- 0 5 cc and in the second 6 3-1- 
0 6 cc 

In a second series, one of the two consecutive 
experiments was run at some altitude between 
18-20,000, le with an oxyhemoglobin value of 
60-70% The mean estimated fluid loss for ten 
expenments at altitude was 60cc-f08cc e 
corresponding sea level value for this expenmen 
senes was 5 4 cc -b 0 8 cc The calculate percen 
age of protein in the filtrate in the expenmen s a 
sea level was 0 10 -b 0 10 gms % The correspon ing 
figure for the altitude runs was 0 25 -b 0 06 % 

However, there is no statistically significant dif- 
ference between these figures In addition, an ysis 
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of the standard error of the fluid loss results shows 
that there is less than 1 chance in 100 that the loss 
at sea level differs by more than 20% from that at 
altitude [Thts work was done under a contract 
mth the Office of Scientific Research and Develop- 
ment ] 

The deterioration of brief endurance work 
capacity during semi-starvation Austin 
Henschei, Laby of Physiological Hygiene, Univ 
of Minnesota, Minneapolis, Minnesota The 
capacity to perform brief, severe physical work 
(run on motor-dnven treadmill until exhausted or 
for 6 minutes at 8 6% grade and 7 miles per hour) 
was measured on 34 young men before and at 12 
and 24 weeks of semi starvation (cf Keys, Fed 
Proc 1946) Average “fitness” scores, time of run 
in seconds and total kilogram-meters of work for 
the control period, and 12 and 24 weeks of semi- 
starvation were respectively 65 6, 33 1, 18 5, 
245, 106, 52, 4813, 1693, 782 “Aerobic” work pulse 
rates (30 minutes 3 5 m/hr 10% grade) did not 
change The per cent detenoration during semi- 
starvation for “fitness” score, time of run and total 
kilogram-meters of work were 72, 79 and 84, re- 
spectively In starvation "fitness” scores which 
involve heart rates are misleading because obliga- 
tory bradycardia is associated with starvation 
debility In view of the small change in maxunal 
oxygen transport per kilo of body v eight and per 
kilo of active tissue (Taylor, Fed Proc 1946), 
the constant aerobic work pulse rates, and the large 
decrease in kilogram-meters of work performed, it 
IS concluded that detenoration in bnef endurance 
work capacity dunng semi starvation is primarily 
due to muscular weakness rather than to circu- 
latory inadequacy The conclusion is further 
strengthened by the observation that the runs were 
terminated by leg muscle exhaustion without 
severe dyspnea or circulatory distress [This 
work was supported in part under a contract with 
the Office of Scientific Research and Development 
Support from other sources mil be acknowledged in 
final publication } 

The effect of semi-starvation on the emptying 
of the human stomach Austin Henechel and 
Anqie Mae Sturqeon (by invitation) Laby 
of Physiological Hygiene, XJniv of Minnesota, 
Minneapolis, Minnesota (Read by title) Gastric 
emptying times were measured on 18 young men 
before and after 6months of semi starvation dunng 
which time the average loss in body weight was 24 
per cent The standard gastnc meal used consisted 
of 40 grams of oatmeal cooked in 300 cc of lightly 
salted water and 60 grams of banum sulphate 
X-rays were taken at 5, 30, 60 and 90 minutes after 
the meal was eaten After 90 minutes the progress 
of the meal w'as followed at 15 minute intervals 
by fluoroscopy until the stomach was empty 
Between Xravs and fluoroscopy, the subjects 


remained seated The gastnc shadows were traced 
from the X-ray films on paper and the areas meas- 
ured with a plammeter The areas at 30, 60, and 90 
minutes were expressed in percentage of the 5- 
minute area The emptying times before and after 
semi-starvation were 175 d= 32 and 226 ± 70 min- 
utes respectively with a highly significant mean 
difference of 51 imnutes Of the 18 subjects at the 
end of semi-starvation, 11 had prolonged emptying 
times, 6 had no change, and 1 had a shorter empty- 
ing time There was some decrease in gastnc 
motility dunng the entire emptying phase but the 
greatest depression occurred after 90 minutes 
[This work was supported in part under a contract 
with the Office of Scientific Research and Develop- 
ment Support from other sources mil be ack- 
nowledged in final publication ] 

The recovery of capacity for physical perform- 
ance following experimental malaria in man 
Austin Henscheu, Henby Longstreet Taylor 
and Ancel Keys Laby of Physiological Hygiene, 
Untv of Minnesota, Minneapolis, Minnesota 
(read by title) Twelve normal young men who 
had been maintained in this Laboratory for 6 
months under standardized dietai^ and activity 
conditions were inoculated with the McCoy strain 
of tertian malaria After a minimum of 193 degree- 
hours of temperature above 101 °F the malaria 
was terminated by qmmne sulphate Functions 
related to performance capacity were tested before 
and at regular intervals during 4 to 8 weeks after 
the experimental malaria The deterioration of 
functions dunng the febnle state as per cent of 
control values and the improvement of functions 
dunng the first 20 to 24 postfebnle days as per cent 
of the detenoration were hemoglobin 22 and 87, 
blood lactate 12 minutes after “anaerobic” work 
79 and 74, blood pyruvate 12 minutes after “anaero- 
bic” work 32 and 60, maximal oxygen transport 
17 and 49, maximal ventilation 12 and 57, “anaero- 
bic” respiratory efficiency 28 and 55, aerobic work 
pulse 21 and 96, aerobic recovery pulse 32 and 90, 
and postural adjustment scores 55 and 83 Harvard 
fatigue test scores were 83% of normal at 22 days 
There was no detenoration in aerobic oxygen con- 
sumption, ventilation and respiratory efficiency 
The aerobic work and recovery pulse rates returned 
to normal in 20-24 days Functions associated wuth 
maximal oxygen transport and with postural ad- 
justment returned to normal in 6-8 weeks The 
relative rates of improvement of functions after 
malana are sinular to those observed in normal 
young men after 3 weeks of enforced bed rest 
[This work was supported in part under a contract 
with the Office of Scientific Research and Develop- 
ment Support from other sources will be ack- 
nowledged in final publication ] 

The quantitation ofentaneous vascular reactions 
with the photoelectric plethysmograph A B 
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FEDERATION PROCEEDINGS 


Hertzman, W C Randall and K E JocniM 
from the Dept of Physiology, St Louis Umv School 
of Medicine, Si Louis, Mo Changes m skin blood 
content as recorded by the photoelectric plcthjs- 
mograph may be quantitatively expressed by 
comparison Mith the deflection produced bj the 
insertion of a standard glass sheet between the 
photoelectnc cell and the skin, this deflection m 
called the “filter unit” The volume equivalent 
of the “filter unit” on the finger is approximately 
2 6 X 10~^ cc/cm* of akin The blood content and 
volume pulse of the skin usually vary together m 
such a manner that the change in the former is 
about 3-4 times greater than that in the volume 
pulse, deviations from this relationship (as in tho 
finger's reactions to cold or in vasomotor reactions 
in forearm skin) imply clianges in tone on the ven- 
ous side, probably m the subpapillary venous 
plexus 

Measurement of cutaneous blood flow The linear 
relation between the skin flow and the amplitude 
of the photoelectrically recorded cutaneous xolume 
pulse has been established by calibration experi- 
ments on the finger Tho flow eqmvalent of the 
“filter unit” thus determined is approximately 
0 lOcc/cmVimn Applications to tbo cxJiTDinntion 
of regional difierences in basal, resting and maximal 
cutaneous blood flows will be illustrated (Aided 
by the American Medical Association ] 

The effect of intravenous nitrogen on the 
respiration and circulation of the cat A W 
Hethehington and R A Miller (by invitation), 
Dept of Physiology^ AAF School of Aviation 
Medicine, Randolph Field, Texas The effects of 
intravenous injection of nitrogen on respiration 
and circulation were studied in cats anesthetized 
with urethane Twenty -one cats received nitrogen 
at rates of 0 1-0 6 cc per minute for periods rang, 
ing from 17 minutes to 4i hours 

During the period of injection the most striking 
constant effects were tachypnea, bradycardia, and 
anoxemia and cyanosis Eleven animals showed no 
appreciable change in blood pressure In 10, blood 
pressure fell either slowly or abruptly Respiratory 
failure occurred in 7 ammals, 6 of which were re- 
vived by artificial respiration after the injection of 
mtrogen was stopped 

After the injection was discontinued 14 cats were 
sacrificed after periods up to 19 hours when re- 
covery had apparently occurred In this group 
respiratory rate, pulse rate, and blood pressure 
returned to normal values, although some cyanosis 
frequently persisted At autopsy the lungs of the 
recovering animals showed some areas of atelecto- 
sis, and edema of the tissues about the pulmonary 
blood vessels 

The remaimng 6 cats died within 4-6 hours after 
the halting of mtrogen injection Daring the post- 


and marked tachj pnea persisted until a short while 
before death Blood pressure increased somewhat 
during the early post-cmbolic period, but then 
gmduallj declined to shock level Cyanosis and 
anoxemia continued to bo evident No hemo- 
conccnlmtion was observed in 4 of these cats, 
autopsy revealed lung clianges no greater than 
in manj animals which recovered High hemato- 
crits and severe lung damage occurred in the other 
two 

Renal excretion of cinchona alkoloids and some 
quaternarj base derivatives and their effect on 
renal hcmodjTiamics Edwin P Hiatt and 
Virginia Sdhrie (bj invitation) Dept of Physi- 
ology, North Carolina School of Medicine, Chapel 
Hill, North Carolina The manner of excretion of 
quinine, quinidinc, cinchonine and cinchonidine 
and two quaternary base derivatives (qmmne 
mothochlonde and quinine cthochlondc) is being 
studied, using dogs for experimental ammals In 
addition, we are investigating the effect of the 
administration of these drugs on the renal blood 
flow, (measured by the clearance of p amino- 
hippuratc), and on the glomerular filtration rate, 
(measured by the creatinine clearance) 

Less than 25% of a given dose of any of these 
substances can be recovered in the unne All of 
them are excreted by glomerular filtration with 
some rcabsorption in the renal tubules The rate of 
excretion of the alkaloids is particularly limited 
by the fact that a large fraction of their plasma 
concentration is bound to plasma proteins and 
hence not filtrablc at the glomeruli The renal 
plasma clearance of the alkaloids is only 10 to 20% 
of the glomerular filtration rate at plasma concen- 
trations of 4-8 mgm per liter The quaternary base 
derivatives are more rapidly excreted, their plasma 
clearances, at plasma concentrations above 10 
mgm per liter, closely approaching the glomerular 
filtration rate 

In most of our dogs the oral admimstration of 
qmmne or quimdine causes an increase in renal 
blood flow and glomerular filtration without a 
marked alteration in mean blood pressure 

The influence of diethylstilbestrol on the sys- 
tolic blood pressure of normal rats Henbv C 
Hill, Jb (Introduced by G S Eadie) 
of Surgery, Duke Umv School of Medicine, Dur- 
ham, North Carolina Grollmanetal (J Pharmaco 
&Exp Therap G9*149,1940)adimmstereddiethyl- 
stilbestrol orally and reported hypertension m 
normal rats Leathern and Drill (Amer J Physio 
139 17, 1943) likewise obtained hypertension after 
intramuscular injection of diethylstilbestrol On 
the other hand, Matthews et al (Endocnnology 25 
177, 1943) employing the oral route reported no 
sigmficant change of systolic blood pressure 
became of interest to test again the effect of intra 



24 successive daily injections of 1 0 mgm of 
diethylstilbestrol in 0 2 cc of cottonseed oil the 
average blood pressure range was from 98 to 122 
mm Hg Periodic blood pressure determinations 
up to the 79th day revealed that the blood pressure 
remained within normal limits Slight elevations 
of average blood pressure occurred after 7 or 8 
injections lasting several days However, hyper- 
tensive blood pressure levels were never attained 

These results confirm the findings of Matthews 
et al that diethylstilbestrol does not raise the 
systolic blood pressure to hypertensive levels in 
the normal rat 

Effect of pentothal anesthesia on canine 
cerebral cortex Habold E HntwrcH, Edmund 
H oiiBUBOEK (by invitation), Benjashn Etsten 
(by invitation) , Robekt Maresca (by invitation) , 
George York (by invitation), and Williamina 
A Himwich (by invitation) Dept of Physiology 
s fid Pfiarmacsfogi/, Albrnti' Medical College, Vmeoi 
Univ , Albany, New York A senes of 7 dogs under 
pentothal anesthesia were prepared by trephina- 
tion of the cramum over supenor longitudinal 
sinus and exposure of the femoral artery While an 
ammal was respinng a rmxture of 15% mtrous 
oxide, 21% oxygen and 64% mtrogen, samples of 
blood were collected simultaneously from the 
supenor longitudinal sinus, draining the cerebral 
cortex and femoral artery The blood was analyzed 
for oxygen and mtrous oxide in order to determine 
the cerebr al metaboic rate according to the method 
of Kety and Schmildt Determinations were made 
in two depths of anesthesia one in which the 
anesthesia was the lightest possible and still 
permit mampulations and another m which nocuous 
stimuli evoked no apparent responses The average 
cerebral metabolic rate for light anesthesia was 
5 9 cc oxygen/100 gm tissue/minute and for 
deeper depression 2 5 cc oxygen/100 gm tissue/ 
minute, a reduction of 56% Similarly, the AVOj 
difference fell on the average 40% and cerebral 
blood flow 22% The metabolic rate in light anes- 
thesia 18 higher than that obtained by the same 
methods in monkey and in man, in whom, however, 
the venous blood did not come almost entirely from 
the cerebral cortex If this fast metablism in the 
dog IB not caused by a species difference, it may be 
ascribed to the cortex uncontaminated by sub- 
cortical influences [This study was aided by a 
grant from the Winthrop Chemical Company Re- 
search Fund ] 

Brain metabolism in nnanesthetized and anes- 
thetized man Williamina A Hiirwicu (by in- 
vitation), Edmund Homburger (by invitation). 


observations were made Blood was drawn simul- 
taneously from the nght and left internal jugular 
veins and the femoral artery to determine the right 
and left cerebral AV Oj differences and the nght and 
left Cerebral blood flows, which were measured 
according to the method of Kety and Schmidt, in 
order to calculate cerebral metabolic rate When 
results from both nght and left sides are averaged, 
the oxygen consumption of the brain in the unan- 
esthetized man is 3 3 cc oxygen/100 gm tissue/ 
minute This value, however, represents two 
groups a higher one with 3 9 cc oxygen/100 gm 
tissue/minute and a lower with 2 7 cc oxygen/100 
gm tissue/minute Because of the asymmetnc 
venous return, the cortical component usually 
appears preponderantly in one of the two internal 
jugular veins, and it is concluded that the portion 
of the brain with the higher metabolic rate is the 
cortex 

In ersry instance, pentotbsi anesthesia induces 
a deprassion in metabohe rate The average dunng 
anesthesia is 2 1 cc oxygen/100 gm tissue/minute, 
a reduction of 36% from the control value The 
patteim of pentothal anesthesia shows that cortical 
oxidations are depressed earlier and more pro- 
foundly than those of the rest of the brain, which 
in turn may also be subjected to metabolic inhibi- 
tion 

Organic phosphates and insulin Williamina 
A Himwich (by invitation) and Harold E Him- 
wich Dept of Physiology and Pharmacology, 
Albany Medical College, Union Untv , Albany, 
New York Previous observations on the influence 
of insulin upon orgamc phosphate compounds were 
made on liver and muscle and were concerned 
chiefly with turnover rates The present investiga- 
tion Included not only muscle and bver but also 
brain, and the actual concentrations of the phos- 
phate compounds were determined m these three 
organs Three groups of dogs were studied first, 

6 nonnal controls, fasted for 40 hours, second, 4 
dogs, which received globin insulin for 1 week 
and standard insulin and sugar 2 hours before the 
tissues were removed, and third, 9 dogs depan- 
creatiied from 3 weeks to 3 months previously and 
receiving their last insulin 16 to 64 hours before 
the tissues were examined Tissues were frozen 
tn situ, removed, ground in liqmd air and extracted 
with trichloracetic acid Inorganic phosphate, 
phosphocreatine, adenosinetnphosphate and total 
phosphates were determined The sigmficant 
changes are as follows for the brain, insulin in- 
creased the total phosphate content, for muscle, 
insulin increased phosphocreatine, and for liver, 



insulin diminished inorganic phosphate and total 
phosphate and pancreatectomy reduced total 
phosphates Except for muscle phosphocrcatinc, 
neither insulin injections nor pancreatectomy 
produced statistically significant differences in tho 
concentrations of phosphocrcatine and adeno- 
sinctriphosphatc [Axdcd by a grant from the John 
R Marklc Foundation ] 

The volume and composition of air expelled 
from the lungs during explosiie decompression. 
Fred A Hitchcock, AnR\UA.M EntUMANS (bj 
invitation), Frederick F Siieidfn (bj invita- 
tion) and W V WniTEiioRN (by invitation) 
Laby of Aviation Physiology and Medicine, The 
Oho State Umv , Columbits The technique for 
producing explosive decompression developed in 
this laboratory makes available a new method for 
investigation of respiratory problems Using this 
technique, experiments arc under waj designed to 
determine directly the volume and composition 
of residual air Subjects arc kept in the decompres- 
sion chamber at a barometric pressure of 522 mm 
of mercury until respiratory equilibrium is estab- 
lished An alveolar sample is then taken by tho 
usual method "With the thoracic cage still in the 
position of maximal exhalation the barometric 
pressure is reduced bj explosive decompression 
to about 261 mm of mercury Since the pressure 
18 reduced to one half its original value, the volume 
of the air contained in tho lungs and respiratory' 
passages doubles, and if the position of the thoracie 
cage remains unchanged, the volume expelled 
should just equal the volume remaining in the 
respiratory tract Values obtained in this way are 
consistently larger than those obtained on the 
same subjects by dilution methods This dis- 
crepancy is probably due to the fact that the 
sudden reduction of barometnc pressure causes 
gases (chiefly carbon dioxide and w’ater vapor) 
to diSuse rapidly into the alveolar spaces It also 
seems likely that the volume of the nasal sinuses 
18 more accurately measured by explosive decom- 
pression than by the dilution methods 

Analysis of the last air to leave the lungs after 
explosive decompression invanably shows a higher 
per cent of CO 2 than the alveolar air collected just 
before the explosion [Work done under contraet 
vnth the Office of Scientific Research and Develop- 
ment ] 

Stressful psychomotor performance and adrenal 
cortical function in man Hudson Hoagland, 
Gregory Fincus, and Fred Elmadjian (by in- 
vitation) Worcester Foundation for Expenmenlal 
Biology, Shrewsbury, Mass (Read by title ) 
We have previously demonstrated that the output 
of 17-kptosteroid is enhanced by a variety of 
stressful acts including the operation of pursuit- 
meters and we have found a relationship between 
the magnitude of the “stress output” of 17-keto- 


stcroids and fatigability of the individual (Pincus 
A Hoagland .1 Av Med 14, 173, 1943) Dougherty 
A Wniile (Endocrinology 33, 1, 1914) have found 
that a drop in the lymphocyte count results from 
the action of adrenal cortical hormones in animals 
and wo have shown that stress in normal mice 
results in a ly mphocy topenia w Inch is absent after 
removal of the adrenals (Elmadjian A Pincus 
Endocrinology 37, 47, 1915) 

Effects on tho cfTicicncy of performance of 
mixtures of air low in oxy gen have been dctcnnincd 
in one hour runs on six normal persons operating 
our pursuit meter Tho lymphocyte count falls 
vMth tho experimental stress We find that the 
lower the drop in lymphocytes the greater the 
decline in cfTicicncy of performance ns scored on 
our pursuit meter and measured by decline in tho 
“fatigue ratio” Tlie correlation coefficient relating 
this fatigue measure to the lymphocyte change is 
r = 0441 with a P of <0 01 
The stress increases the output of 17-koto3teroids 
as it lowers the lymphocyte count 

The effects of the anlihlstamlnc compound 
pyTlbenzamlnc on colonic activity In unanesthet- 
ized dogs Justin Hoekstra (by invntation) 
and F R Steooerda Dept of Physiology, Univ 
of Illinois, Urbana, Illinois (Read by title) 
In dogs with colons made permanently opaque 
to x-rays with Thorium Dioxide (Thorotrast), 
studies were made to test the effects of the anti- 
histamine compound Py nbenramine on normal 
colonic motility and its antagomstic effects to 
known amounts of Histamine Phosphate Simulta- 
neously , radiograms w ere taken and actual pressure 
changes within the colon were measured and re- 
corded by means of an open tipped catheter 
inserted into the lumen of the lower colon via the 
rectum These pressure differences were recorded 
on a smoked drum with a water manometer The 
administration of the drugs was made by intra- 
cardml injections 

The results of 43 different experiments on 6 
dogs indicate that the antihistamine compound 
in doses from 0 1 to 2 9 mg/kilo causes an increase 
in colonic activity in proportion to the amount 
given, either by increased amplitude or frequency 
or a combination of both Usually, there also oc- 
curred an increase in muscular tone 
To test the antagomstic effects of the anti- 
histamine compound, the contractive effect of 1 
to 30 gamma of Histamine w'as first observed, an 
then at various time intervals after antihistamine 
had been given, the same dose of Histamine was 
repeated The results show that with doses 0 
antihistamine up to 0 5 mg/kilo, there occurs no 
protective effect against Histamine However, 
writh larger doses (1 5 to 2 5 mg/kilo) , inhibitions 
to Histamine are recorded which may last as ong 
as 50 minutes, but with the larger doses of an 1 


histamine, there occurs labored breathing and 
marked salivation 

Metabolism of dehydroisoandrosterone M M 
Hoffman and M L Desbakats (introduced by 
J S L Browne) From the McGill Vniv Clinic, 
Royal Victoria Hospital, Montreal, Canada 
Four grams of dehydroisoandrosterone were ad- 
mimstered orally to two male rabbits The neutral 
ether soluble fraction of the acidified, boiled unne 
contained 890 mg of 17-ketosteroids Chromato- 
graphic analysis of this fraction resulted in the 
isolation of A’ '-androstadienone-l? (434 mg ),etio- 
cholanol 3(a)-one-17 (38 mg ), dehydroisoandros- 
terone (65 mg ) and A® androstenediol-SOS), 

(90 mg ) It 18 considered likely that the A-* '- 
androstadienone-17 is an artefact ansmg from the 
dehydration of some other steroid, as yet umdenti- 
fied, during the course of acid hydrolysis Etio- 
cholanol-3(a)-one 17 has generally been considered 
to represents metabolite of a A‘-3 ketosteroid such 
as testosterone, the present experiment indicates 
that it may also be derived from a A'-androstene- 
diol-3 establishes the fact that the ketone 

group at C-17 in the neutral ketosteroid, dehydro- 
isoandrosterone, may undergo the same metabolic 
transformation as the corresponding group in the 
phenolic ketosteroid, oestrone 

Calcinm in gastric mucus Franklin Hol- 
lander and Frances U Lacber (by invitation) 
Gaslro-Enterology Research Laby , The Mount 
Stnai Hospital, New Yorh City Mucus was col- 
lected from dogs’ Heidenhain pouches by contact 
stimulation with emulsions of eugenol (5%) and 
mustard oil (1%) Calcium content, electrome- 
tric pH, and a qualitative evaluation of viscosity 
were recorded for each specimen Calcium concen- 
trations ranged from 7 7 to 13 3 mg /lOO ml (N = 
86 specimens) , 72% of these fell between 9 0 and 
11 0 mg /lOO ml The mean was 10 04 ± 0 11 (vm) 
For eugenol specimens alone the mean was 9 76 ± 
0 18, and for mustard oil 10 31 ± 0 10 The differ- 
ence between these two means is without statistical 
Bigmficance, in spite of the fact that the mustard 
oil specimens were all fluid whereas the viscosity 
of those collected with eugenol varied extensively 
For eugenol alone, the calcium content seems to 
vary with the viscosity, but the correlation is 
spurious The pH was mvanably above 7 4, its 
correlation with calcium content is poor Serum 
calcium values were obtained in some instances, 
these averaged 11 5 ± 0 25 (N = 6) and were al- 
wa 5 s greater than the simultaneous mucus values 
Treatment with 0 1 N HCl in vitro extracts all of 
the calcium from the insoluble portion of the 
mucus [Aided by grants from the Allman Founda- 
tion and Wyeth, Inc ] 

Fatal doses and respiratory minute volumes in 
rabbits intravenously injected continuously with 
NaCN Richard G Horton (introduced by Boris 


B Rubenstem), Medical Dimsion, Edgewood 
Arsenal, Maryland Continuous injections of NaCN 
were given until respiration had almost ceased 
No important differences were found in comparing 
thirty-three (33) unanesthetised and forty-four 
(44) anesthetised (Dial -Urethane, 0 5 cc /kg ) 
rabbits Injected at 0 167 mg /kg /mm , mean fatal 
doses agreed with the acute fatal dose of 1 4 mg / 
kg At 0 069 mg Ag /min mean fatal doses were 
2 5 mg Ag , indicating, at this mjection rate, a 
detoxication rate of 0 027 mg Ag /min , a rate 
previously estimated at this and lower mjection 
rates by Pratt, Horton, and Zierler in rabbits 
(unpublished) (0 Bodansky, et al (unpublished) 
made similar studies m anesthetised cats ) 

Per cent respiratory changes in anesthetised and 
unanesthetised rabbits were similar In both, im- 
tial respiratory stimulation was compensated by 
secondary depression so that mmute volumes 
averaged throughout mjection (300 cc Ag /min 
for anesthetised, SOO cc Ag /mm for unanes- 
thetised) were about the same as those preceding 
injection Maximum minute volumes were nearly 
double premjection values Tune to reach maxi- 
mum minute volume was about 35% of the total time 
of mjection at 0 167 mg /kg /mm and nearer 60% 
at 0 069 mg Ag /mm In general, the sooner maxi- 
mum mmute volume was reached, the smaller was 
the fatal dose The immediate mcrease m mmute 
volume produced by small acute doses (0 14 mg / 
kg and 0 07 mg Ag ) did not appear to be related 
to the individual fatal dose 
The phosphates and other compounds in the 
gastrocnemius muscle of scorbutic guinea pig 
S M Horvath and D Tebbib (by invitation) 
The Fatigue Laby , Harvard Univ and the Boston 
City Hospital It was noticed in earlier studies that 
guinea pigs on ascorbutic diets showed signs of 
fatigability pnor to the appearance of clinical signs 
of scurvy Gumea pigs on an ascorbutic diet were 
sacrificed after vaiying penods of time on this 
regime These animalB were anesthetized with 
nembutal and after the gastroonemii were dissected 
free from the surroundmg tissue, they were frozen 
in situ end removed Analyses were made for water 
content, creatme, mtrogen, total and acid soluble 
phosphorus, phosphocreatme, adenosine tnphos- 
phate, glycogen and lactate 
For the first fifteen days on the ascorbutic diet 
no defimte alterations m the concentration of any 
of these compounds was noted A sharp decrease of 
approximately twenty per cent in the concentra- 
tion of acid soluble phosphorus, phosphocreatme, 
adenjl-tnphosphate, nitrogen and creatine oc- 
curred in the following penod (up to 32 day s on the 
ascorbutic diet) There were a few exceptions to 
this general pattern and probabh represent in- 
dividual variations in the rate of development of 
scurvy The changes in the concentration of lactate. 



contraction 

Relation of pulmonnrj \cntilntion to arterial 
oxygen saturation C S IIourion (iiilrotluccd by 
J L Lilicnthal, Jr ) School of Aviation Medicine, 
U S Naval Air Station, Pensacola, Fla (rend by 
title) Under anovic conditions, liypcrvcntdation 
IS known to increase arterial ovjgen satumtion In 
this study an attempt was made to quantitate tlic 
relation of pulmonary ventilation to arterial oxygen 
saturation during anoxia Ton resting subjects 
breathed 10 5 per cent oxygon in nitrogen at sea 
level, adjusting respiratory volume nt x’arious 
levels between 5 and 30 liters per minute Oxygon 
saturation was measured by a Coleman Millikan 
oximeter, and in a number of eases the tensions of 
oxygen and carbon dioxide in arterial blood were 
determined directly in samples draw n through an 
indw'elhng arterial needle Alveolar pressures were 
also determined Arterial oxygen saturation was 
found to increase markedly’ with increasing x cntiln- 
tion An increase of 2-3 1 /m above the resting 
ventilation increased the arterial saturation by 10 
to 20 per cent units Doubling the resting \cnltla- 
tion increased the saturation by 20 to 30 per cent 
umts, wluch was almost as large an increase ns was 
obtained by any greater ventilation The deter- 
mined arterial oxygen tensions increased in direct 
proportion as ventilation increased Alveolar de- 
tennmations indicated that oxygon tension rises 
about 1 6 times as fast as carbon dioxide falls, with 
increasing ventilation It is emphasized again tliat 
artenal saturation cannot be predicted from knowl- 
edge of the inspired oxygon tension unless other 
conditions (such as ventilation) are known Clini- 
cal application of anoxia (such as the anoxemia test 
for coronary insufBciency) should be based there- 
fore on artenal oxygen saturation rather than on a 
fixed percentage of inspired oxy’gen [The opinions 
or assertions contained herein are the private ones of 
the writers and are not to be construed as official or 
reflecting the views of the Navy Dept or the naval 
service at large ] 

The effect of adrenalectomy in rats on urinary 
non-protein nitrogen during forced-feeding and 
during fasting Dwight J Ingle and Elizabeth 
A Oberle (by invitation) Research Labys , The 
Upjohn Company, Kalamazoo, Michigan In ex- 
periment 1, male rats (300 gms imtial wt ) were 
adapted to the forced-feeding of a medium carbo- 
hydrate diet for 2 w’eeks All of the ammals were 
given a solution of 1 per cent sodium chloride to 
dnnk during all phases of the experiment Eight 
rats were adrenalectomized and 7 were sham- 
operated During the 1st post -operative day the 


feeding the urinary nitrogen of (he ndrcnalectom- 
izcd group did not decrease below the pre-opcrntive 
level or the level of the control group During a 10 
day fast the ndrcimlectomircd animals excreted as 
much urinary nitrogen ns their controls 

In experiment 2, a medium protein diet was 
force-fed but the other experimental conditions 
were identical witli those of experiment 1 The 
results paralleled those of experiment 1 up to the 
Inst two days of fasting when the level of urinary 
nitrogen of the sham operated rats was definitely 
higher than that of the ndrcnalcctomircd rats 

Treatment of Impending hemorrhagic shock 
with nn antihistamine agent. Haimond C Lx- 
GUAiiAM and IIaiiold C Wiooins Dept of Physi- 
ology, College of Medicine Untv of Illinois, Chi- 
cago It seems fiossiblo that some of the tissue 
damage dcvcloiung in hemorrhagic by potensionand 
lending to the irreversible shock state may be due 
to the release of histamine With this idea in mind, 
the effectiveness of one of the new antihistamine 
agents was explored 

Dogs subjected to the standardized shock pro- 
ducing procedure (00 min of hemorrhagic hypo- 
tension at to mm Ilg) pass from an impending to 
an irreversible shock state in 77% of all expen- 
mentnl attempts 

In the present senes of 1C animals, 15 mg Ag 
of B-dimcthylaininocthyl bcnrhydryl ether (Bena- 
dryl) was administered subcutaneously 30 min 
before hemorrhaging This dose was supplemented 
1 hour later with an additional 6 mg Ae 

The mortality rate in this senes was unaltered 
from the controls (75%) The average survival time 
of the shocked animals also was not changed The 
charactcnstic entena signifying the transition 
from impending to irreversible shock were ob- 
serv’cd in all animals 

The conclusion is reached that Benadiyl, an 
effective antispasmodic, is ineffective in delaying 
the onset of iircversible hemorrhagic shock 
These findings suggest that the liberation of hist- 
amine may’ play’ no role in the production of the 
irrev’crsible tissue damage of hemorrhagic shock 

Phospholipids in the visual cycle Maht Ibhi- 
MOTO (by invitation) and George Wald Biologi- 
cal Labys of Harvard Untv , Cambridge, Mass 
The exposure of dark-adapted retinas of frogs or 
cattle to light liberates, in addition to retinene, 
large amounts of phospholipid After drying retinas 
by grinding with anhydrous sodium sulphate or by 
lyophihzation, their free phospholipids can be ex- 
tracted by soxhletting with benzine in the dar 
This does not attack rhodopsin After two hours o 
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uch extraction, only negligible amounts of phos- 
pholipid still appear On bleaching the residual 
matenal, new phospholipid is liberated, in many 
times the molar equivalent of the liberated re- 
tinene 

The retinene and phospholipid liberated on 
bleaching are not bound together They can be 
separated by chromatographing on magnesium 
oxide, or by precipitating the phospholipid with 
acetone magnesium chlonde 
A mixture of phospholipids is liberated About 
60-70 per cent of the phosphorus is associated with 
choline, and about one-fifth of this appears to be 
sphingomyelin 

The bleaching of rhodopain which has been ex- 
tracted from the retina yields retinene, but no 
phosphohpid Conversely, the extraction of dried 
retinal tissue with benzine in darkness for some 20 
hours removes almost all phospholipid, though no 
retinene At any point in the latter process before 
all phospholipid has been removed, bleaching re- 
sults in a special liberation 
It appears therefore that in the structure of the 
retinal rods, a mixture of phospholipids is inti- 
mately associated with rhodopsin, so as to be lib- 
erated on its bleaching This association is broken 
by the separate extraction of either rhodopsin or 
j^hospholipid 

Some ionic and osmotic equilibria of the ery- 
throcyte M H Jacobs and Dorothy R Stewart 
(by invitation) Bepl of Physiology, Univ of 
Pennsylvania, Philadelphia In dealing with a 
vanety of lomc and osmotic equilibria of the ery- 
throcyte it has been found useful instead of treating 
each case separately to determine the eqmlibnum 
conditions for a single case so complex and general 
as to include within itself all the others If ery- 
throcytes imtially containing known amounts of 
water, non-penetrating amons, cations and neutral 
molecules and hemoglobin in all forms are equili- 
brated with a large volume of external solution 
contaimng any known possible combination of 
penetrating and non-penetrating amons, pene- 
trating and non-penetrating cations, penetrating 
and non penetrating neutral molecules and protein 
in all forms, it is possible, with certain reasonable 
simplifying assumptions and a knowledge of the 
titration curve of the cell contents, to obtain 
equations for the equilibrium conditions with 
respect to the water content, internal pH, and 
state of ionization of the hemoglobin of the cells, 
together with the final distribution of alt the vari- 
ous ions and solute molecules present in the sy s- 
tem For special cases in which some or many of the 
possible constituents of the most general system 
arc missing the equations assume relatively simple 
forms The general applicability of this method of 
treatment is illustrated by cxpenmentally deter- 


lowing typical situations (a) fragility determina- 
tions in salt solutions, (b) “colloid-osmotic” 
hemolysis, (c) “anomalous osmotic swelling”, (d) 
imequal distnbution of ammomum salts, and (e) 
temporary swelling in the presence of free am- 
monia 

The kinetics of visual processes I Critical 
flicker frequency as a function of intensity 
Theodore Louis Jahn Dept of Zoology, Stale 
Umv of Iowa, Iowa City (Read by title ) The 
following equation for visual cntical flicker or 
fusion frequency (F) as a function of intensity (I) 
has been denved on the basis of the photochemical 
theory 

F = k<p [kilfa - x)]» (Fnmx — Fy/C 

where ki is the velocity constant of the L T 
reaction, q probably pertains to the mechamsm 
whereby the active photo-product is utilized by 
the sense cells, the quantity to the power r de- 
scribes the mechamsm whereby the sensation of 
flicker approaches a maximum when the frequency 
of repetitive eqmvalent stimuli is moreased, and 
the other symbols have their usual meamngs The 
fundamental assumption is that for detection of 
flicker the rate of the L -+ T reaction must reach 
some constant given value 

This equation has the same general form as that 
of Hecht However, the parameters of the two 
equations have qmte a different sigmficance The 
new meamngs assigned to the parameters allow 
much more freedom in adjusting the equation to 
fit experimental data, and all known flicker data 
can be fitted reasonably well 

The new equation predicts the observed shift in 
flicker-intensity curves with changes of tempera- 
ture and with change of light-dark ratio, and it 
makes no assumptions regarding the photochemical 
cycle which contradict the chenucal evidence 

The kinetics of visnal processes II Brightness 
discrimination and visual acuity as functions of 
intensity Theodore Louis Jahn Dept of Zoology 
State Umv of Iowa, Iowa City (Read by title ) 
The following equation has been denved for bnght- 
ness discnimnation (Al/I) and visual acmty (o) 
as functions of mtensity 

Al/I ■= a «=> (C/kfl — w)/ki X’ t 

where k4 is the velocity constant of the L — * T 
reaction, I is the concentration of L, w is the 
equilibnum quantity of active photoproduct, kj 
IS the velocity constant for the conversion of inac- 
tive photoproduct to visual purple, x is the con- 
centration of inactive photoproduct, and t is the 
duration of the flash 

The fundamental assumption is that in bnght- 
ness discrimination, in order for the difference to 
be detected, the total rate of the L -♦ T reaction 
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Those equations can bo fitted to nil existing datn 
and are not m conflict nitli the available clicmicnl 
evidence 

The kinetics of visual processes III Dark 
adaptation TnEODonn Louis Jaiin Dept of 
Zoology, State Umv of Iowa, Iowa City If the 
concentration of visual purple is represented bj 7 , 
that of visual yellow by \, and visual while by j , 
and if we ignore the conversion of visus] ycllon to 
visual white during dark adaptation and assume 
that regeneration from visual yellow is mono- or 
bimolccular and that regeneration from visual 
white IS autocatalytic, we may write tlic following 
equation for the regeneration of visual purple 
dz/dt = kjx" + k,yr 

From this equation z may bo obtained as a function 
of time in the dark (t) 

II the amount ol vjaual purple is alcuhiod from 
available dark adaptation data, the resulting curves 
vary from an almost pure mono- or bimolccular 
curve following slight light adaptation to an almost 
pure autocatalj’tic curve following intense light 
adaptation Intermediate degrees of adaptation 
result in combinations of the two tjpes These 
curves can be matched with those for the integral 
of the above equation This explanation assumes 
that mild adaptation converts most of the visual 
purple into visual yellow and intense adaptation 
converts most of it into visual white (data of Wald 
and Clark, and Haig) 

Complete regeneration from visual white is very 
slow (as low as 35 per cent m 40 minutes, data of 
Hecht, Haig, and Chase) The latter part of this 
regenerative process does not fit the autocatalytic 
curve The simplest explanation seems to be that 
vitamin A leaves the rods via the blood and is then 
returned very slowly 

Silicones and blood coagulation L B Jaques, 
E Fidlah (by invitation), E T Feldsted (by in- 
vitation), and A G MAcnoNALD (by invitation) 
Dept of Physiology, Univ of Toronto, Toronto, 
Ont , and Dept of Physiology, Univ of Manitoba, 
Winnipeg, Man The use of a silicone coating (Gen- 
eral Electric Dn-Film) on glassware and needles 
gives a surface which preserves blood from clotting 
for several hours and which preserves the platelets 
from agglutination and disintegration for at least 
half an hour By the use of this material it is pos- 
sible to obtain normal plasma without the use of 
anticoagulants Such plasma clots in 20-40 minutes 
in glass, 2-4 hours in silicone, the clotting tune 
depending in part on the number of platelets re- 
maining in the plasma Contamination with traces 
of damaged tissue will clot this plasma rapidly 

It IS concluded that the acceleration of clotting 
due to the character of the surface is caused by the 
effect of surface on the platelets and that this effect 
IS not observed with the surface presented by the 
silicone The clotting of this plasma by damaged 


tissue IS unmniioiiccd bj the nature of the surface 
[Aided by a grant from the John and Mary P 
Marlle Foundation ] 

Effect of inlcrmiltcnl exposure to a simulated 
nllKudc of no, 000 feet on memorj in guinea pigs 
A V JissiN (by invitation), R F BrcKrnnnd 
W F WixDiF Inst of Neurology and Dept of 
Anatomy, Northwestern Univ Medical School, Chi- 
cago (Read by title ) Fifteen young adult male 
guinea pigs were subjected to daily (except Sun- 
day ) 0 hour exposures to a simulated altitude of 
30,000 feet Nine control animals were provided 
Previous to the exposures all the animals were 
taught a Biinplo alternation maze problem 

After 100 hours exposure, all the animals were 
tested for retention of learning No significant dif- 
ference between experimental and control animals 
lias found After I5D hours, n group of 4 expenmen- 
tal and 2 control animals, selected randomly with- 
out regard to performance scores, was retested 
The controls were found to be Icttor-porfcct, the 
cxpenmcntals required extensive retraining After 
200 hours, all the remaining animals were retested 
Five out of BIX of the controls showed perfect reten- 
tion, as against 1 out of 8 of the cxpcrimentals 
After 2o0 hours, 4 cxpenmcntals and 5 controls 
were retested The controls were letter-perfect 
None of the cxpenmcntals was able to even relearn 
the problem in 20 tnals, although at 200 hours they 
had all relearned it in less than 10 tnnls 

At the end of each testing period groups of 4 ex- 
ponmental and 2 control animals were sacrificed 
for histopathological study of the brain [Aided by a 
grant from the National Foundation for Infantile 
Paralysis, Inc ] 

A mathematical analysis of pulse volume deter- 
minants Kenneth E Jochim, Dept of Physiology, 
St Lows Univ School of Medicine Previously re- 
ported expenments on a mechanical model of the 
circulatory system have shown that the pulse pres- 
sure depends on the pulse volume or systolic up- 
take of the elastic artenal system, and on the shape 
of the pressure-volume curve of this system Re- 
gardless of w ide variations in heart rate, penpheral 
resistance and the nature of the elastic system, the 
pulse volume remains equal to approximately 0 5 
times the stroke volume 

If the mass and turbulence of the circulating 
fiuid are neglected and an elastic system with a 
linear pressure-volume curve is used, the differen- 
tial equation for the system can be solved for sta- 
bilized conditions and one can calculate the pulse 
volume and pulse pressure for any given values 0 
heart rate, peripheral resistance and slope of t e 
pressure-volume curve Such calculations s ow 

pulse volume .-ip-, 
that the value of the ratio volume 

mined only by the product of the heart rate, the 
peripheral resistance and the reciprocal of the s ope 



of the pressure volume curve of the elastic system 
This ratio vanes only from 0 45 to 0 55 as the prod- 
uct mentioned above vanes from 1 73 to infinity 
Experimental results show good agreement with 
these calculated values, and indicate that the mass 
and turbulence of the fluid and a non-linear pres- 
sure volume relationship do not sigmficantly affect 
pulse volume 

the -r~, ; ratio 

stroke volume 

Reduction tune of peripheral cutaneous blood 
as a means of evaluating fitness J Eatuond 
Johnson, Geoeqe B Eat (deceased) and Louise 
H Rat (by invitation) Although the reduction 
time of blood in the skm is subject to several pos- 
sible physiological vanables, it remains fairly con- 
stant at rest Dunng a mild form of stress, such as 
holding the breath, it decreases in normal healthy 
subjects, due largely, we believe, to redistribution 
of blood Since such a reaction represents a com- 
pensatory adjustment in the body, it seemed pos- 
sible that the extent of the reaction might serve 
as a valuable index in evaluating the fitness of an 
individual 

The per cent decrease in reduction tune after 
breath holding, which we call the reduction time 
score, was determined in several different groups, 
representing varying degrees of fitness estimated 
on the basis of general health, activity, training, 
etc Men who might be considered as normals, (1) 
medical students on an accelerated schedule, (2) 
medical students on a normal schedule, and (3) 
mannes and naval aviators on active duty, showed, 
in that order, progressively greater scores, while 
men rejected or discharged from imlitary service 
for physical reasons and hospitalized patients 
showed very low scores or even scores of opposite 
sign, depending on the degree of physical incapac- 
ity 'Within the group of marines there was a signifi- 
cant correlation with the degree of traimng, and the 
naval aviators showed distinctly better scores be- 
fore than after a flight In following a number of 
hospitalized patients dunng convalescence from 
acute illness, operation, or traumatic injury, a close 
correlation has been found between degree of re- 
covery and reduction tune score [FTorl, done under 
contract mih the Office of SctenUfic Research and 
Development ] 

Certain inflnences affecting the cardiac re- 
covery index of medical students Fbederic T 
Juno, Lhxian E Cisleb (by invitation), and 
Velha C MniER (by invitation) Dept of Physi- 
ology, Northwestern Unw Medical School, and 
Passavanl Memorial Hospital, Chicago The car- 
diac recovery index (GRl) obtained in this study 
was the resultant of three heart-rates counted 
under special conditions during recovery from a 
prescribed exercise This was given at about 9 AM 
after a night spent in a hospital bed in preparation 
for determinations of basal metabolic rate and other 


tests Subjects of Group J were 30 Jumors (aged 21 
to 27), each was retested exactly 7 days later 
Group F consisted of 40 Freshmen (19 to 26) , an 
average of 39 days (including 3 weeks of vacation) 
intervened between test and retest 
During the 7 days. Group J gained 0 02 kg in 
mean weight , during the 39 days that included the 
vacation. Group F gained 0 53 kg The mean CEI 
for J was 95 27 before, and 98 17 after the 7-dsy 
interval , the test-retest correlation coefficient R = 
-f 0 92 showed this test to be very reliable, and the 
gain of 2 90 points was found sigmficant The gain 
was asenbed to practice For the F group, the mean 
CRI was 91 95 before, and 96 12 after the vacation , 
the R was -}-0 60, and the gain of 4 17 points was 
found sigmficant It seems logical to asenbe most of 
this gam to the vacation [Aided hy the Abbot 
Memorial Fund ] 

Relation between breath holding and endurance 
in running, and the Harvard step-up test score 
Peter V Karpovich AAF School of Ainaiion 
Medicine, Randolph Field, Texas Forty-eight 
aviation students were given the followmg five 
breath holding tests 1, after three deep inhala- 
tions, 2, after one full exhalation, 3, immediately 
after making 24 step-ups in one minute on a 20-inch 
bench, 4, while doing step-ups on a 10-inch bench; 
6, while doing step-ups, on a 20-inch bench In each 
test the breath was held as long as possible 
The same men also ran to exhaustion on a tread- 
mill and were given the Harvard step-up test 
The coefficients of reliability for each of the seven 
tests are statistically sigmficant The coefficients of 
correlation of the breath holding tune after inspira- 
tion with the other four breath holding tests are 
statistically sigmficant The coefficients of corre- 
lation between breath holding tests on the one hand 
and the treadmill running time and also the 
Harvard step up test score on the other hand are 
statistically not sigmficant 
Breath holding cannot be considered a test for 
predicting endurance in rumung or for predicting 
the Harvard step up test score 
Mechanical efficiency of the heart in experi- 
mental heart failure L N Katz, W Wise (by in- 
vitation), J Meter (by invitation), B LENnBim 
(by invitation), and K Jochim Cardiovascular 
Dept , Research Inst , Michael Reese Hospital Our 
previous observations that when the cardiac output 
18 kept constant the mechamcal efficiency of the 
failing heart does not decline, were subjected to re- 
investigation Data were obtained dunng the con- 
trol and failure penods on previously desenbed 
heart-lung and isolated heart preparations The 
efficiency of each preparation was determined sev- 
eral times dunng both the control and failure 
penods These data are summanzed in the follow- 
ing table of averages 
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Preparation 

Number 
of prepa 
rations 

Mechanical 

efficiency 

Control 

period 

Failure 

period 

Hcart-lunn 

Isolated heart 

11 

B 

3 0% 

3 7 

4 

3 9 


It 18 apparent that there is no aignificant differ- 
ence in the cIEcicncy between the control and fail- 
ure periods 

Endocrine glands and gastric secretion J 
Kaulbersz, T L Pattehson, D J Sandufiss 
and H C Saetzstein (by invitation) Dcpl of 
Physiology, Wayne Umv College of Medicine and 
the Lab of Experimental Surgery, Harper Hos- 
pital, Detroit, Mteh In our previous studies related 
to the preparations of urogastrone from dogs dc- 
pnved of some of the endocrine glands (Science, 
102 530, 1945) the influence of different extracts 
was tested on gastric secretion The secretory 
depressant in unne of each of the four senes of 
dogs oophorectomized, thyroidcctomizcd plus 
oophorectomized, hypophyscctomizcd, and normals 
exhibited different degrees of potency Extracts 
from normal and from thyroidcctomizcd plus 
oophorectomized dogs exerted the highest inhibi- 
tory action, those from hypophysectonuzed animals 
the lowest Following removal of the pituitary 
the extract even increased gastric secretion after 
histamine 

These observations led to a study of gastric secre- 
tion on the different senes of dogs Gastrostomies 
were performed on three hypophysectomized and 
three thyroidectomized plus oophorectomized ani- 
mals and gastric secretion of each of these was 
stimulated by histamine Urine extracts of normal 
and operated dogs were administered in order to 
study their influence on secretion and acidity of 
gastric juice 

The averages in milliequivalents of free HCl se- 
creted after histamine injection alone varied 
greatly, therefore it was difllcult to conclude how 
much the secretion and acidity was changed as 
compared to the normal Urogastrone from normal 
dogs inhibited less frequently gastric secretion of 
the thyroidectomized plus oophorectomized than 
of the normal, whereas extracts from these operated 
ammals diminished the HCl output more fre- 
quently Urine preparations from the hypophysec- 
tomized group were particularly active on animals 
deprived of thyroids and ovaries, also dogs without 
the pituitary were more susceptible to the stimula- 
toiy influence of hypophysectonuzed extracts than 
the normal 

Flicker fusion frequency thresholds during posi- 
tive acceleration Geoffbbt Keighley (by invi- 
tation) and William G Clark Wilham G 
Kercl hoff Lab , California Lnst of Teehnology, 


Pasadena, and the Dept of Aviation Mcdieine, Umv 
of Southern California, Los Angeles (Read by 
title ) Monocular, flicker fusion frequency thresh- 
olds have been determined on 10 subjects, under 
positive acceleration on a centrifuge 

The results are expressed ns differences in cycles 
per second (CPS) between the mean thresholds 
at rest, immediately before a run, and those found 
during acceleration 

At low accelerations (2 2-3 2 G, mean 3 0 
G) causing no visual disturbances, 63 runs 
wore made Most lasted 45 seconds The differences 
between thresholds ranged from -f 1 3 CPS 
(fusion frequency higher dunng acceleration) to 
—1C CPS, and were distnbuted fairly equally 
about the zero baseline, 21 were positive, 32 nega- 
tive The range rfc 1 C P S includes 48 of the re- 
sults 34 arc in the range ± 0 5 C P S These figures 
show no changes in the flicker fusion thresholds 

At higher accelerations (2 8-4 8 G, mean 4 0 
G) 34 runs were made, lasting up to 60 seconds 
with negative pressure over the eyes to restore 
xnsion (Lambert, unpublished) At these accelera- 
tions without the negative pressure, there was 
dimming or loss of peripheral vision or blackout 
No fusion frequency was higher during a run The 
greatest difference in fusion frequency between 
rest and acceleration was —3 9 C P S The range 
0 to — 2 0 C P S includes 21 of the 34 results The 
differences are all negative, more spread out than 
at lower accelerations, and the range is greater 
At these higher lev els of accelerations, with vision 
restored, the fusion frequency’ of flicker is lowered 
IThc work was done under a contract vnth the 


Office of Scientific Research and Development ] 
The human tolerance for potassiuiu Nokuan 
M Keith and Arnold E Osterberg (by invita- 
tion) Mayo Clinic, Rochester, Minnesota In 1941 
the authors demonstrated that as much as 80 to 
100 mg of potassium per kilogram of body weight, 
m the form of a potassium salt, could be ingested at 
one time without demonstrable toxic effects ^ 
these experiments distinct alterations were o 
served in the clearance of potassium by the kidneys 
and in electrocanographic tracings We have since 
then made similar observations on five norma 
subjects after the ingestion of 27 to 43 mg of po 
tassium per kilogram of body weight, as potassium 
bicarbonate The effect of the smaller dose was 
clearly discernable in the electrocardiograms an 
renal clearances of piotassium The urinary volume 
was increased and the renal clearance of potassium 
rose to between 29 and 67 cc The electropotentia 
changes in the heart and excretory alterations in 
the kidneys were associated wuth a nse of 2 to 
mg in the concentration of potassium in the oo 
serum in four subjects, in the fifth subject an 
initial high normal concentration, 20 3 mg , was 
sustained A control experiment with the mges lon^ 



vealed no Bigmficant changes in electrocardiograms 
or renal clearance of potassium Therefore the 
ingestion of appro-omately 35 mg of potassium per 
kilogram of body weight can produce demonstrable 
alterations in cardiac and renal functions Further 
experiments are contemplated to ascertain whether 
the ingestion of a similar amount of potassium pres- 
ent in our daily food will produce similar effects 
on the heart and kidneys 
The striking inherent tonus of the deafferenated 
central pupilloconstnctor neurons By Allen D 
Ketj.kr Depl of Physiology and Pharmacology, 
Baylor Vnxv College of Medicine, Houston, Texas 
It has generally been assumed that the multitudin- 
ous factors concerned in determimng the size of the 
pupils operate around an inherent tonus of the 
pupilloconstnctor nerve cells This assumption is 
correct because it has been found that these cells 
do discharge impulses continuously when they are 
completely deafferenated by two transections of 
the brain stem, one placed above and the other 
below the oculomotor nuclei and nerves Under 
these conditions, the pupils remained permanently 
and markedly constricted except when they were 
dilated by sympathetic efferent impulses, dunng 
spurts of somatic activity, i e , strugglmg move- 
ments Unilateral section of the cervical sympa- 
thetic trunk in the neck prevented dilation of 
the pupil on that side under these conditions 
Atropine applied to one eye resulted m dilation of 
that pupil , the other one remained constricted 
That the discharge of the pupilloconstnctor im- 
pulses IB due to an mherent mechamsm within the 
cell bodies seems reasonably certain The possi- 
bility that the discharge is due to an irritative 
stimulation of these cells by factors incident to the 
transections seems unlikely because the condition 
has persisted in a preparation that has been main- 
tained for 11 weeks after operation The only other 
possibility of extraneous stimulation would be by 
way of the blood stream 
Effects of alterations tn the arterial tensions of 
carbon dioxide and oxygen on cerebral blood flow 
and cerebral oxygen consumption of normal 
young men S S Kett (by invitation) and C F 
Schmidt Depl of Pharmacology, Untv of Penn- 
sylvania, Philadelphia) By means of the mtrous 
oxide method previously reported by the authors 
(Am J Physiol , 143 53, 1945) quantitative meas- 
urements were made of the changes in blood flow 
and oxygon consumption in the brains of unanes- 
thetized young men dunng active and passive 
hyperventilation with room air, inhalation of 6 per 
cent and 7 per cent COj with 21 per cent Oj, of 
85-100 per cent Oi and of 10 per cent Oi 
Both active and passive hyperventilation were 
accompanied by consistent decreases in cerebral 
blood flow averaging 32 per cent and 36 per cent 


associated with a consistent increase in cerebral 
blood flow averaging 76 per cent High oxygen led 
to a 12 per cent decrease and 10 per cent Oi to a 
37 per cent increase in cerebral blood flow These 
changes are all statistically sigmficant There was 
no Bigmficant change in cerebral oxygen uptake 
except in active hyperventilation, dunng which it 
underwent a consistent increase averaging 15 per 
cent Cerebral vascular resistance (calculated from 
cerebral blood flow and direct mean arterial blood 
pressure) was increased by hyperventilation and 
high Oj inhalation and decreased by low Oj and 
increased COi Both cerebral blood flow and 
cerebral vascular resistance showed good correla- 
tion with artenal pH, pCOj and pO« [IForA, done 
under contract vnth the Office of Scientific Research 
and Development ] 

Experimental human starvation— general and 
metabolic results of a loss of one fourth the body 
weight in SIX months Angel Kbts Laby of 
Physiological Hygiene, Univ of Minnesota, Minne- 
apolis, Minnesota Thirty-four normal young mett 
resided in the laboratory on a standard regimen. 
Calonc balance required 3200 Cal daily dunng 3 
months of control studies For 167 subsequent days 
they subsisted on a European type of famine diet 
averaging, daily, 1790 Cal , including 22 grams of 
fat, 49 grams of protein, 1 29 mg of thiamine, 0 71 
mg of nboflavin, 20 7 mg of macm and 29 8 mg 
of iron During this tune they lost from 27 to 65 
pounds, representing an average of 24 per cent of 
their onginal weight The climcal picture closely 
simulated that seen in the less fortunate areas of 
Europe liberated in the Spnng of 1945 Proimnent 
were muscular weakness, edema, bradycardia, 
cyanosis, decreased tendon reflexes, depression and 
sensations of cold and unremitting hunger Signs 
of vitamin deficiency were absent or equivocal 
There was, on the average, a 22 per cent decrease in 
blood hemoglobm concentration, a 33 per cent 
decline in basal pulse rate and trivial declines in 
artenal blood pressure, body temperature and 
plasma protein concentration (—10 per cent) 
The basal oxygen consumption, in co per minute, 
averaged 229, 185, 155, 1^ and 140 in the control 
period and in the fifth, thirteenth, twentieth and 
twenty-third weeks, respectively The total de- 
cline of 39 per cent in basal metabolism corre- 
sponded to a decrease of 11 per cent in surface area 
and of 41 per cent in "active tissue,” defined as 
total weight less bone, fat (from body density), 
and extracellular water (from thiocyanate dilu- 
tion) [This work was supported tn part under a 
contract with the Office of Scienttfic Research and 
Development Support from other sources will be 
acknowledged in final publication ] 

Effects of deceleration on the electrocardiogram 
(lead II) ui the cal in the snplne position Harry 
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D Kinqsldt (introduced by Ilorinnn S Wigod- 
sky) A AF School of Aviahon Medicine, Randolph 
Field, Texas Thirty cuts anesthcti/cd with uum- 
butal wore exposed in the supine position to high 
docelerative forces ranging from COO to 1200 g 
Continuous recordings of Lend II on an electro- 
cardiograph wore made In order to study vagus 
effects, three groups of 10 animals were used 
Group I — no vagal interference, Group II — bi- 
lateral vagotomy prior to drop. Group III — 0 16 
mg physostigmine per kilo intravenously prior 
to drop 

In surviving animals, all EKG changes returned 
to normal within 15 minutes following deceleration 
Three animals in Group III expired w ilhin an hour 
following deceleration There was unuorsal de- 
pression and inversion of T-wavos in all experi- 
ments These returned to normal in GO to 00 seconds 
following impact The degree of inxorsion was 
slightly greater in Group II Rhythm changes, pre- 
mature ventricular contractions with pulsus 
bigeminus occurred in 3 animals in Group I, and 4 
animals in Group III Group III animals that ex- 
pired showed ventricular fibrillation, complete 
heart block, and S-A nodal bradj cardin No rhj thm 
changes were observed in Group II The T-wavo 
changes together with frequent depression of the 
S-T segment were of the type common in experi- 
mental coronary occlusion 
All animals in Group II showed increases in 
heart rate, whereas the majority of animals in 
Groups I and III showed marked slowing 
The evidence indicates that there is marked 
transient EKG disturbances as a result of abrupt 
deceleration The vagus has a marked effect on the 
production of arrhythmias and slowing The para- 
sympathicomimetic action of physostigmine had 
no apparent effect on the EKG in this senes 
Blood studies in anaphylactic shock in dogs 
J S Kihk (by invitation), O O Stoland, C 
Dottqhtt (by invitation) and GEonoB Boone 
(by invitation) The Vniv of Kansas, Lawrence, 
Dept of Physiology Sedimentation rate studies 
were made on dogs sensitized to horse serum before 
and after shook The sedimentation rate was ob- 
served to decrease during shock An equivalent 
amount of horse serum injected into control dogs 
did not produce this effect Interference with the 
return of lymph to the veins by ligation or cannula- 
tion of the thoracic duct tends to prevent this de- 
crease of sedimentation rate in anaphylactic shock 
Hematocrit and red blood cell studies on both 
arterial blood and portal blood were made both 
before onset of shock and dunng early stages of 
acute shock A significant increase in both hemato- 
crit and red blood cell count was recorded in portal 
vein blood No significant alteration of RBC counts 
and hematocrit m arterial blood occurred White 
blood cell count decreased consistently in both 
arterial and portal blood 


Lymph flow from the thoracic duct was observed 
to increase during shock ns has been recorded by 
many investigators 

Survival time and metabolic rate of starving 
rats MA'cKmtntn College of Agriculture, Umv 
of California Dams rcmalc rate 100 days old 
were starved at constant environmental tempera- 
tures At SS'C all rats died within the first day 
At 35 °C 5 rats died on the first two days and 12 
rats surv i ved on the average 16 days, as did a group 
of 7 rats starving at 30°C During starvation to 
death at 35 “C the total weight loss amounted to 
35 per cent of the initial body weight, starvation 
at 30®C produced a weight loss of 44 per cent 
Dunng the starvation at 35®C the respiratory quo- 
tient rose from an average of 749 on the first day 
to 883 on the last day' before death At the same 
time the metabolic rate decreased from 22 6 ± 
0 G kcal per rat, or 114 db 3 kcal per kg body 
weight, to 9 C ± 0 0 kcal per rat, or 81 db 4 kcal 
per kg body weight The rats starving at 30°C 
lowered their metabolic rate from 128 ± 2 kcal 
per kg body weight at the start to 62 ± 3 kcal 
per kg on the last day 

Raising the envnronmcntal temperature from 
24 to SO'C prolongs the life of starving rats, raising 
the tempemture further to 35 "C does not prolong 
life nor does it lower the level to which the rats 
decrease their metabolic rate dunng starvation 

Body temperature and cutaneous sensitivity 
to tingling and pain N Kleitman and A 
Ramsahoop (by invntation) Dept of Physiology, 
Unto of Chicago Tetamzing current was delivered 
from an inductonum to the volar surface of the 
terminal phalange of the middle finger, and the 
threshold to tingling and pain detemuned m an 
ascending manner A forenoon test penod com- 
prised eight series of tnals run on each of two sub- 
jects in the course of six hours In each senes, 
during the five minutes of testing, there was a 
gradual nse in sensitivity to tingling This was also 
true of pain, but only when sensitivity was 

The results obtained in 13 forenoons in one su 
ject and 9 in the other showed a direct relationslup 
between sensitivity to tingling and pain and t e 
oral temperature at the time of the testing u 
general, as the temperature rose in the course o 
the forenoon (from a mean of 97 51 degrees u 
98 29 in one subject and from 97 81 to 98 69 m 6 
other), the cutaneous sensitivity also increased 
When relaxing in the sitting position for one hour 
caused a fall in body temperature, there was a 
corresponding decrease in sensitivity, ® 
sequent standing up for one hour, if it raise e 
body temperature, also led to increased sensi ivi y 

The changes described were all statisticmly Big- 
mficant, more so for body temperature and sensi- 
tivity to tingling than for sensitivity to pain 

Evidence of a syngergism between ' 

mine HCl and sympathetico-mimetic drugs 
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humans George F Koepf, Carl E Abbesman 
(by invitation), and Alfred Lbnzner (by invita- 
tion) Depls of Physiology and Medicine, Umv 
of Buffalo, School of Medicine, and the Buffalo 
General Hospital Pharmacological studies using 
pynbenzamine HCl by Yonkman et al (Federation 
Proceedings, this issue) indicate that in experi- 
mental ammals pynbenzamine in certain dosages 
appears to baxe an adrenergic potentiating effect 
With this in mind certain studies on human sub- 
jects were made Patients with bronchial asthma 
were given ephednne only for the first test period, 
then pynbenzaimne only, and finally pynbenza- 
mme and ephrednne Objective and subjective 
data revealed that in many instances the combined 
ephednne and pynbenzamine therapy was more 
effective than either drug alone 

In another group of normal human subjects the 
effect of pynbenzamine on the response of the 
blood glucose to adrenalin was detenmned The 
intravenous glucose tolerance curve as effected by 
pynbenzamine was also studied in humans No 
sigmficant vanations were produced by pynben- 
zamine on the intravenous glucose tolerance curve 
Further investigation of the effect of pynben- 
zamine directly on the liver glycogen stores, how- 
ever, 16 indicated 

In allergic patients there is evidence that there 
IS a synergism between ephednne and pynben- 
zamine HCl Attempts to demonstrate this 
synergism by changes in carbohydrate levels must 
be broadened 

The relation between tissue metabolism and 
physiological activity Irvin M Korr {Formerly) 
Dept of Physiology, New York Univ College of 
Medicine, New York In a previous report (Federa- 
tion Proceedings 1941), based upon manometnc 
studies of several mammalian tissues it was con- 
cluded that a) the (azide sensitive) Warburg- 
Keilin system participates slightly if at all in 
resting metabolism, whereas a major jwrtion of the 
metabolism of the working cell traverses this sys- 
tem , and b) the same appears true of fluonde sensi- 
tive systems Combined manometnc, spectroscopic 
and analytical studies dunng 1942, mainly upon the 
cat’s submaxillary gland, confirmed a) and b), 
and showed c) there was little or no aerobic gly- 
colysis in the resting gland, but a rapid glycolysis 
apjieared immediately upon stimulation (by acetyl- 
choline) , d) glycogen content, which remained 
constant for hours in resting slices, dropped pre- 
cipitously upon stimulation, and e) metabolic 
changes induced bj stimulation with acetylcholine 
were immediately reversed by atropine f) Vaned 
combinations of tissues and humoral agents showed 
that the changed metabolism was associated with 
activity of the tissue rather than with direct effect 
of the humoral agent upon metabolic mechanisms 
C g , pure secretin, now know n to cause the release 


of enzyme-free fluid by the pancreas did not affect 
the metabolism of that gland, while duod nal ex- 
tract, containing also pancreozymin, which tir u- 
lates the elaboration of pancreatic enzymes, m, rk- 
edly increased the QOi of pancreas (but of no other 
tissue tested) 

These observations support the hypothesis that 
1) the sources of energy for work by the cell are 
different from those for cell maintenance, and 2) 
that the shift from the resting type of metabolism 
to the active is an integral part of the excitatory 
process [Aided by grants from the American Philo- 
sophical Society, Ella Sachs Plots Foundation and 
American Academy of Arts and Science ] 
Frequency-intensity curves of normal, de- 
nervated and recovering gastrocnemii of the dog 
A J Kosuan (by invitation) and S L Osborne 
Dept of Physiology, Northwestern Untv Medical 
School, Chicago Frequency-intensity curves of 
the gastrocneimuB muscle of the dog were deter- 
mined before and for a six month penod following 
the crushing of the tibial nerve Using percutane- 
ous methods of stimulation, threshold responses 
were determined over a frequency range of 0 1 to 
10,000 c p s In normal muscle an optimum fre- 
quency range occurs from 25 to 250 c p s Dis- 
continuities in the curve appear at 0 75 to 2 0 
c p 8 and at 2500 c p s Following denervation, the 
optimum frequency occurs at 0 75 to 5 c p s with a 
steep nse in the curve above 100 c p s Accompany- 
ing the earliest stages of neurotization there is a 
shifting of the curve to the normal jxisition with a 
marked nse in threshold intensities below 2 0 
c p s [Aided by a grant from the National Founda- 
tion for Infantile Paralysis ] 

Warm-up period in physical exercise in relation 
to brain potential Kbouse, R (by invitation) 
Wickwirb,G C (by invitation) and W E Burge, 
Dept of Physiology, Univ of Illinois, Urbana, 
Illinois (Read by title ) The warm up jienod con- 
sisted of a few minutes of light exercise immedi- 
ately preceding athletic contests such ns wrestling, 
football, running, swamming, basketball, etc 
When one electrode was placed on the forehead 
as near over the motor area as the receding of the 
hair would pemut and another on the forearm with 
a jxitentiometcr m the circuit, the forehead was 
found to be positive to the forearm in the contest- 
ants while at rest with a jwtential difference of 15 
to 25 millivolts The light exercise during the 
warm up jienod increased the voltage anywhere 
from SO to 75 millivolts During the contests, the 
voltage continued to nse until fatigue and exhaus- 
tion set in and then the voltage dropjied 
We had found in etherized dogs with trephined 
skulls { Ineithcsiology, Aol 1, No 1, 1945) that 
the jiositive jiotential of the scalp fluctuated with 
the negative jxitcntial of the underlying brain 
cortex in a 1 to S ratio, so scalp potential may bo 
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used as an index to brain polonlml, a rise or fall in 
the positive potential of the scalp indicatinE a 
rise or fall in the negatuo potential of the under- 
lying brain cortex Hence, if the relationship be- 
tween scalp and brain potential for humans and 
dogs IS comparable, the rise in the positive poten- 
tial of the scalp of humans during the warm-up 
period as shown above indicated a rise in the nega- 
tive potential of the undcrljing brain cortex, and 
the fall during fatigue and exhaustion indicated a 
fall in the brain potential 

Relationships between changes In muscle 
length, tone, tension, and pressure Hugo 
Krueger Dept of Pharmacology, Unw of Ten- 
nessee, Memphis Many dissimilar mechanical de- 
vices yield curves interpreted ns “increases tn 
smooth muscle tone” Supposedly these curves re- 
flect the same manifestation of smooth muscle, 
but actually their only common property is an 
upwrard movement of the w riting point Thus, when 
weighed isolated strips of smooth muscle shorten, 
tone is said to increase although the tension exerted 
remains constant and no pressure is developed 
When a water filled balloon, placed in a smooth 
muscle viscus, is distended at constant pressure, a 
shortening of the circular muscle is interpreted as 
an increase in tone although the tension exerted 
decreases owing to the relationship, tension = pres- 
sure times radius (t = pr) The pressure developed 
remains constant If the balloon is connected to a 
water or Hg manometer, a decrease in length of the 
muscle IS called a tone increase, while the tension 
developed may increase or decrease depending as 
before upon the relation t = pr, and the pressure 
increases as the radius decreases If the balloon is 
connected to a stiff membrane manometer, the 
muscle cannot shorten appreciably (r remains 
constant) but the interpretation, increase in tone, 
is made when the tension increases and produces an 
increase in pressure 

Etymologically an increase in tone implies an 
increase in tension Whether this definition of 
tone or some other is used, only misinformation 
develops if constant tension, decreased tension, 
increased tension, or indeterminate changes in 
tension are called tone increases The phrases 
“tone” and “tone increase” should be replaced by 
measurements in muscle length, pressure and ten- 
sion, or the other physical properties actually 
studied 

Glomerular filtration and renal plasma flow 
during renal and splanchnic nerve stimulation in 
dogs in relation to arterial hypertension W G 
Kubicek and F J Kottke (introduced by M B 


per cent decrease was observed in one instance 
After two to four days of continuous stimulation 
renal flow and glomerular filtration returned toward 
normal, when, ns usual, tliere was a persistent in- 
crease in blood pressure In two animals in which 
chronic stimulation of the renal nerves produce 
only a moderate rise in blood pressure, the renal 
flow and glomerular filtration remained at low 
values for ns long ns two weeks In one dog chronic 
stimulation of the splanchnic nerves produced 
initially a decrease of about thirty per cent in renal 
flow and glomerular filtration accompanied by an 
immediate nse in blood pressure to approximately 
200/135 mm Hg which was maintained for about 
one week and then gradually fell toward normal 

Both renal and splanchmc nerve stimulation 
caused an increase in filtration fraction, presum- 
ably due to a greater constriction of the efferent 
tlian the afferent arterioles 

Splanchnic nerv’c stimulation brought about an 
immediate nse in blood pressure in contrast to the 
more gradual nse during renal nerve stimulation 
This might be due to neurogenic vasoconstnction 
of the splanchmc bed as well as to adrenalin 
liberation 

Chronic stimulation of either renal or splanchnic 
nerves was accompanied by anorexia and vomiting 
In some cases, with renal nerve stimulation, 
uremia diarrhea, bloody stools and in one case, 
convulsions were observ'ed 

The muscle membrane during contracture 
S W Kuffler (introduced by R W Gerard) 
Kancmatsu Inst , Sydney, and Dept of Physiology, 
the TJniv of Chieago Contractures were set up m 
isolated single muscle fibres and the whole sar- 
tonus by constant current pulses and by drug 
application Potential changes were recorded from 


the site of contractures 

Negative potential changes always occur at t e 
site of origin of contractures Like propagated mus 
cle responses, contractures are imtiated following a 
sufficient depolarization of the muscle membrane 

Contractures may develop following muscle im- 
pulses, which may fail to propagate fully from t e 
region of their origin In these preparations a transi^ 
tion can be detected from normal to ‘ abortive 
impulses and to a maintained negative poten la 
change which may give rise to contractures wit oil 
appreciably exceeding the potential level ^ ^ 
the preceding propagated responses had een se 
up In fatigued, narcotized or injured muscles co - 
tractures can be set up directly following 


depolarizing action 
At the anode of 


of drugs or currents 
constant currents, the setting 



po assiuni app ica ion e e ectnc time constant' 
and the resting potential of the membrane are not 
significantly affected 

The relationship between blood ketone levels 
and the storage of glycogen by the heart in acute 
experiments Robert W Lackei (by invitation) 
and Carl A Bunde Dept of Physiology and 
Pharmacology, Southwestern Medical College, 
Dallas, Texas Cardiac glycogen has long been 
known to be selectively increased in diabetes 
melhtus and in fasting We have recently reported 
a similar effect from fat feeding Each of these con- 
ditions results in ketonemia and in a depletion of 
insulin, one or both of which may be related to the 
deposition of glycogen in the myocardium This 
report deals with the production of ketonenua in 
acute expenments in adult rats by the administra- 
tion of solutions of the sodium salts of butyric 
acid, beta-hydroxybutyric acid and acetoacetic 
acid by intravenous drip The solutions were ad- 
ministered over a period of four hours to ammals 
anesthetized with sodium pentobarbital The am- 
mels were sacnficed one hour later at which time 
the blood ketone levels were still well above the 
normal value, and the store of glj cogen in the heart 
was twenty-five to fifty per cent above control 
values There was no increase in liver glycogen By 
control experiments with a saline drip, it was shown 
that the anesthesia and operative procedures were 
without significant effect on cardiac glycogen 

Since the experiments are of such short duration 
that a marked depletion of insulm seems unlikely, 
these findings appear to support the idea of a 
parallelism between ketonemia and glycogen depo- 
sition in the myocardium 

Physiologic studies of man’s gram tolerance in 
aircraft E H Lambert Acceleration Laby , Mayo 
Aero Medical Unit, Rochester, Minnesota This 
motion picture shows the procedures used in 
studies of g tolerance earned out on 42 men in a 
specially instrumented airplane and illustrates the 
sequence of symptoms which develop in airplane 
pilots and passengers exposed to positive ac- 
celeration 

Pulling a g pattern similar to that used on the 
centrifuge, maintaimng given accelerations for 
10-15 seconds, pilots on the average expenenced 
dimming of vision at 4 7 g, loss of penpheral 
vision at 6 1 g and blackout at 6 4 g This was 0 7 g 
units higher than their tolerance as passengers in 
the airplane and 1 4 g umts higher than their toler- 
snee on the Mayo centrifuge Factors causing the 
higher tolerance of pilots in the airplane included 
colder environmental temperature, more exciting 
Circumstances of flying, crouching and the effort 
ot pulling the control stick to execute the high 
E maneuver 

Anti blackout smts afforded the same increase in 


'g~tdrerance tb~pndts''ahti“passengers~ in“ffie~air- ' 
plane as to subjects on the centrifuge 

The pattern of changes in the ear pulse, blood con- 
tent of the ear, and pulse rate was the same for pilots 
and passengers in the airplane as for subjects on the 
centrifuge However, compensatory changes tended 
to occur one to two seconds earlier during exposure 
to g in the airplane 

Conclusion The modern human centnfuge is a 
valid means for studynng the physiologic effects 
of acceleration as encountered in aircraft and for 
developing methods of protection against these 
effects for pilots [IFor^ done under contracts with 

(1) United States Army Air Forces, Wright Field, 
Dayton, Ohio, and (8) the Office of Scientific Re- 
search and Development, National Research Coun- 
cil, Washington, D C ] 

Direct determmation of man’s blood pressure 
on the human centrifuge during positive accelera- 
tion E H Lambert, and E H Wood Accelera- 
tion Daby , Mayo Aero Medical Unit, Rochester, 
Minnesota Determination of the changes in artenal 
pressure during exposure to positive acceleration on 
the kiayo centnfuge was made in 20 men by punc- 
ture of the radial arteiy Pressures were recorded 
routinely by means of a resistance wire strain 
gauge manometer which activated a sensitive gal- 
vanometer and occasionally by a Hamilton manom- 
eter Pressures in the seated subject were measured 
with the wrist supported at head level or at heart 
level The vanous hydrostatic levels were deter- 
imned from photographs of the subject taken pnor 
to and dunng exposure to acceleration 

For correlation with changes in artenal pressure 
simultaneous records were obtained of the sub- 
ject’s ear pulse, blood content of ear, heart rate, 
electrocardiogram, respiration, rectal pressure and 
reaction time to hght signals in penpheral and 
central fields of vision 

At the level of the eyes, the decrease in blood 
pressure per g increase in positive acceleration 
averaged 32 mm Hg systolic and 20 mm Hg di- 
astolic Dunng maintained acceleration the lowest 
pressure occurred m about 7 seconds and was fol- 
lowed by some recovery In general, with unim- 
paired vision the systolic pressure at eye level re- 
mained above 50 mm Hg and with complete loss of 
vision it was less than 20 mm Hg At the lex el of 
the heart (third interspace) the average decrease 
in pressure per g increase in accelemtion was 4 
mm Hg systolic and 0 mm Hg diastolic Dunng 
recovery in g the pressure at leart level rose 
20 to 70 mm Hg above the control value 
[Worh done under contracts with (1) United States 
Army Air Forces, Wright Field, Dayton, Ohio, and 

(2) the Office of Scientific Research and Dcielop- 
ment. National Research Council, Washing 
ton, DC] 
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The eicctrosmotic transport of fluid through 
the walls of injured cnpillnrics Euolne M 
Landis Dept of Phyuology, Harvard Medical 
School, Boston, Mass The eicctrosmotic transport 
of fluid through inert, and a fen living, membranes 
(Mudd, J Gen Physiol 7 389, 1921) has been 
described but nothing is known concerning the 
effects of minute currents on the movement of 
fluid through the capillary null It is interesting, 
therefore, to record that direct current can produce 
in single, injured capillaries an "clectrosmotic ab- 
sorption” of fluid, at rates depending on current 
intensity 

Using the frog’s mesentery and micro injection 
methods, one micropipetto (5 to 10 p in diameter) 
was introduced into a capillarj', while a second (15 
to 50 fi in diameter) was placed outside at a dis- 
tance of 60 to 100 from the first Both pipettes, 
filled completely with Ringer’s solution, were 
connected by 2 agar bridges to a suitable source of 
EMF If the internal electrode is made positive, 
currents of 1 to 10 microamperes (and a potential 
drop of 1 to 10 millivolts between electrodes) pro- 
duces striking "eicctrosmotic absorption” of fluid 
in the mechanically injured area Erj’throcj tes, 
initially packed because of filtration of plasma, 
were dislodged and washed out of the injured capil- 
lary into the general circulation bj the "absorbed” 
fluid which entered at rates between 0 1 and 3 0 a* 
per ji* of capillary wall per second Interrupting 
the current was followed by resumption of the 
rapid filtration characteristic of capillary damage 
Reversing the polarity of the electrodes expedited 
both filtration and packing of erythrocytes 

Central observations have shown that dye solu- 
tions in the injured capillary arc washed out, as 
are erythrocytes, by colorless extravascular fluid 
and that the erythrocytes in vivo bear a negative 
charge as they do in vitro Quantitative observations 
are in progress to determine more accurately the 
relation which this “eicctrosmotic absorption” 
bears to injury itself and to determine whether or 
not electrosmosis can also affect the movement of 
fluid through the normal, and less permeable, capil- 
lary wall 

The pharmacology of some new vaso-depressor 
compounds A M Lands, Edeanob Rickakds 
(by invitation) and V Loeaine Nash (by invita- 
tion) Dept of Pharmacological Research, Fred- 
erick Stearns and Co , Division of SterlingDruglnc , 
Detroit, Mich The pharmacological activity of a 
senes of amines were investigated, particularly 
with reference to their effect on blood pressure 
Sympatol (l-(p-hydro\-yphenyI)-2-methylamino- 
ethanol) has an epinephrine ratio of 316 The cor- 
responding primary amine (A-15) has a ratio of 143 
and tyramine a ratio of 68 The replacement of the 
methyl group on the N of Sjmipatol by larger alky 
groups makes the compound depressor in action 


However, tlic structure of the alkyl substituent 
divides the scries into 1) compounds causing a 
transient fall and 2) compounds causing a marked 
and prolonged fall in blood pressure The first in- 
cludes those in which the N-alkyl group is propyl 
(A-14), butyl (A-12) and isobutyl (A-41), the 
second in which this group is ethyl (A-13), iso 
propyl (No 277), secondary butyl (A-44) or ter- 
tiary butyl (A-42) The isopropyl and secondary 
butyl derivatives are the most active No 277 has 
the most favomblc thcmpeutic ratio 

No 277, in intravenous doses of 0 5 mg /kg 
will lower the mean arterial blood pressure of dogs 
by 50-60 mm Ilg for 1-4 hours The blood pressure 
of unancsthctizcd dogs is markedly reduced after 
intmmuscular, subcutaneous or oral doses of 0 5-2 0 
mg /kg Some reduction in mean arterial pres 
sure lias been observed for more tlmn 8 but less 
than 21 hours 

Acute toxicity was determined by intrapen- 
toncal injection into albino mice Deaths were re- 
corded for 72 hours following injection The ap- 
proximate LD50, m mg /kg , are A-14 300, 
A-12 160, A-41 220, A-13 550, No 277 360, A-42 250 
and A-44 < 160 

After discharge from sympathetic ganglion cells 
following preganglionic nerve stimulation. M G 
LAnnvDEE and D W Beonk Johnson Founda- 
tion, Univ of Pennsylvania We have previously 
reported that sympiathetic ganglion cells discharge 
impulses for many seconds following brief stimu- 
lation of the preganglionic nerve at frequencies 
above 40 per second This is significant in inter- 
preting afterdiscliarge and other evidence of pro- 
longed excitatory states in the central nervous 
system, which are usually assumed to result from 
activity in chains of internuncial neurones Since 
sympathetic ganglia contain no interneurones, our 
observation demonstrates that afterdischarge can 
result from other mechamsms, such as persistance 
of environmental clianges produced by presynaptic 
endings, or enduring changes in the cell body 

Afterdisclmrge in single postganghomc axons 
from the cat’s stellate ganglion starts at an impulse 
frequency of about two per second and slows mar 
edly before ceasing With increased duration o 
preganglionic stimulation, the imtial frequency 
remains relatively unchanged, but the discharge 
IS much prolonged, sometimes lasting 30 secon s 
The highest frequency observed approached ® 
highest attainable by perfusion with acetyl cho me , 
much higher frequencies result from increase po 
tassium or lack of calcium , 

Afterdischarge recorded from large bund es o 
postganglionic axons show that the various ce 
discharge with independent rhythms During 
activity a single preganghomc stimulus evo es 
response followed by temporary cessation o a 
discharge for one-fifth to one-half second 
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In perfused ganglia, the tune course of after 
discharge is the same during perfusion as i\hen 
stimulation is applied one imnute after stopping 
perfusion Thus afterdischarge is not caused by 
persistence of any chemical normally removed by 
the circulation 

Physiological standards C D Leake XJniv of 
Texas Medical Branch, Galveston Trite is the 
custom to refer to physiological standards as “nor- 
mals” This suggests presumptious connotation of 
what ought to be Such standards are merely aver- 
ages or means of various observations on different 
presumably healthy organisms To refer to such 
averages as “normals” causes semantic and prac- 
tical confusion Physiological averages or means 
are scientifically descnptive We are in no position 
as yet to attempt to agree on what physiological 
standards ought to be Such an attempt, involving 
possible purposes, may be an ethical proposition, 
for which scientific descnptive data is necessary, 
but merely as one factor to be considered Physi- 
ological standards may be established by appropri- 
ately scientific , descriptive methods The normative 
approach to such standards is not yet appropnate 
Reference to physiological standards in normative 
terms is not yet justified 
The influence of testosterone propionate on 
the plasma protems of hypothyroid rats James 
H Leatheu Dept of Zoology and Bureau o/jBio- 
logical Research, Rutgers Untv , New Brunswick, 
N J A decrease in thyroid activity is invariably 
followed by a nse in plasma globulin When thio- 
urea 16 used to induce the hypothyroid state a 
decrease in body weight and a reduction in food 
intake is observed but neither appears to be respon- 
sible for the rise in globulin concentration Since 
testosterone propionate is known to cause urinary 
Ns retention and sin^e the seminal vesicle weights 
of adult rats on thiourea are subnormal a study of 
the effect of the androgen in normal and hypo- 
thyroid rats was undertaken 
Adult male rats were fed a stock diet plus 0 5% 
thiourea ad lib and 3 othej groups were pair fed 
with this group The latter received thiourea and 
testosterone propionate or were normal rats with 
and without the androgen The e\penments ex- 
tended over 20-25 days and the daily dose of testo- 
sterone propionate (Perandren, Ciba) was either 
0 1 mg or 0 5 mg Rats receiving thiourea lost 
weight in excess of that lost by pair fed normal rats 
Testosterone did not present the body weight loss 
Total plasma protein levels and plasma globulin 
concentrations increased when thiourea was fed 
whereas plasma albumin decreased slightly but 
the latter change could be correlated with food 
intake Testosterone did not decrease the plasma 
globulin Icicl in the hypothyroid rat nor improie 
the plasma albumin concentration in hy pothy roid 
or normal rats 


Hyperpneic tetany in commercial aircraft pas- 
sengers Ludwig G Ledereb and George J 
Kidera (by invitation) From the Medical Depts 
of Pennsylvania-Central Airlines and United Air 
Lines Mild alkalosis, as the result of increased 
pulmonary ventilation, has been known to cause 
tetany The reduction in the fares of air travel by 
means of commercial transport planes has opened a 
new market to unseasoned “first riders ” In the 
course of a yearly study of passenger comfort, our 
attention was called to the occurrence in three 
individuals, all women, of tetamc-like seizures 
with true carpopedal spasm In all instances, fear 
and anxiety preceded and accompanied a penod 
of pulmonary hyperventilation The onset in all 
three instances was gradual and identical with 
carpal numbness and spasm slightly preceding 
pedal numbness and spasm As spasm developed, 
fear increased and hyperventilation was aug- 
mented Instructions were issued tocabin personnel 
to have such individuals voluntarily induce apnea 
In the event that the individual was uncoopera- 
tive, rebreathing was suggested 
The incidence of tetany in air passengers from 
hyperventilation is not great On the basis that the 
airline of one of us (LGL) now carnes approxi- 
mately 70,000 passengers per month, the incidence 
IS practically ml and is reported merely because of 
its scientific interest and information 
A central action of adrenalin in raising blood 
sugar A Leeudorfer, R Arana and M Hack 
(all introduced by W S McCulloch) Dept of 
Psychiatry and of Neurology and Neurosurgery, 
Illinois Neuropsychiatnc Inst , Untv of Illinois 
College of Medicine In cats under Dial, amytal, 
or unanesthetized, the effects of intracisternal 
injection of adrenalin on blood sugar were essen- 
tially similar Under Dial, ex en 450 micrograms per 
kg of adrenalin intracisternally fail to affect blood 
pressure, whereas 5 micrograms per kg intrapen- 
toneally usually produced a rise in blood pressure 
Under amy^tal, 5 micrograms per kg intrapentone- 
ally did not affect blood sugar This concentration 
intracisternally raised blood sugar 30 mg per 100 
ml and larger doses produced greater rises Intra- 
venous injection of 0 5 ml of cisternal flmd with- 
drawn two or more hours after intracisternal injec- 
tion of about 40 micrograms per kg elexated blood 
pressure markedly wuth accompanynng change in 
DKG and sometimes in respiration Since the 
cat’s xolume of cerebrospinal flmd exceeds 2 ml 
and the obserx ed response was comparable to that 
produced by 10 micrograms per kg , most of the 
adrenalin presumably remained in the ccrebro 
spinal fluid If it had passed into the blood it should 
haxe raised blood pressure as well as blood sugar 
Hence, the action of intracisternal injection of 
adrenalin in raising blood sugar implies action on 
structures bathed by cerebrospinal fluid 



agents upon the pos(con\’ulsnc (electric shock) 
EEG M A Lennox (by invitation), T C Iturn, 
and B Guteuman (by invitation) The Dept of 
Psyclualry and Laby of Physiology, Yale Untv 
Sehool of Medteine Immediate and prolonged EEG 
changes were observed after electric shock convul- 
sions (shocking electrodes on the left temple and 
mid-occiput) in eighteen humans and ten monkejs 
After the convulsion, the EEG became flat for one 
to three minutes Then rolling 2-3 per second vaves 
appeared most prominently in the frontal leads 
Typically these lasted ten minutes after the first 
shock, and verc then mi\cd vith and replaced bj 
6 per second and finally bj-^ normal frequencies 
The duration of the sloiMng increased after suc- 
cessive shocks and in humans invarmblj lasted 
da 5 's to veeks after five to ten shocks had been 
given It IS probably significant that in the onlj 
case inv.hich occipital to occipital electric shocks 
i\ere used, neither EEG sloaing nor confusion 
lasted more tlian a few hours o\cn after a senes of 
twentj shocks Slowing tends to be less marked in 
the monkey tlian in man In monkejs the slow 
wraves were also demonstrated bj the technique 
of ventricular electroenccplialography 

Si\ of ten monkej's reacted consistcntlj and posi- 
tively to benzednne administered intramuscularly 
before the shock In susceptible monkeys benze- 
dnne repeatedlj’’ prevented the appearance of the 
2-3 per second waves and the ammals were clearlj 
more responsible Carbon dioxide was also cffectix e 
but other drugs having vascular or central actions, 
adrenalin, amjl nitrite, aminophjdlin, caffeine, 
prostigmine and nembutal in limited testing had 
no defimte effect Gynergen before benzednne ac- 
centuated the slowing one animal It is there- 
fore uncertain whether the effect of benzednne 
IS due to its neural or vascular action [Aided by the 
Knight Funds, Yale Univ School of Medicine ] 

The mechanism of the fall in arterial pressure 
produced by high spinal anesthesia in patients 
With essential hjpertension, W C Levin (by 
invitation) Griff T Ross (by invitation), Rat- 
MOND Echols (by invitation) and Raymond 
Gbegoht The School of Medicine, Univ of Texas 
The problem has been investigated by the con- 
tinuous and simultaneous recording of the arterial 
and venous pressures before and during high spinal 
anesthesia in twelve studies on ten patients in 
whom a clinical diagnosis of essential hypertension 
had been made 

The data show no umfornuty regarding the 
changes in artenal and venous pressures The ven- 
ous pressure may fall without any fall in the arterial 
pressure The arterial pressure may fall greatly 
for a number of minutes before the venous pres- 
sure falls The venous pressure may rise to control 
levels while the arterial pressure remains at the 
lowest level of fall caused by the spinal anesthesia 


patients with essential hypertension produces no 
uniform change in the relationship between artenal 
and venous pressures, that the changes in the ar- 
terial and xenons pressures arc not causally re- 
lated , and that the fall in artenal pressure probably 
18 not due to a diminished cardiac output produced 
bj decreased venous return 

The influence of sugar and other metabolites 
on the respirator} exchange of eviscerated normal 
and dcpancrcatizcd dogs. R Lexine, Clarence 
Cohn (bj invitation), and Samuel Soskin, Dept 
of Metabolic and Endocrine Research, Research 
hfl , Michael Reese Hospital, Chicago The utili- 
zation of glucose bj livcrlcss normal and diabetic 
dogs xancs directly with the height of the blood 
sugar level The utilized sugar may be partly trans- 
formed into fat or other metabolites We endeavored 
to ascertain xxhether the fate of the disappeanng 
carbohydrate could be followed more closely by a 
simultaneous determination of the respiratory 
exchange 

The oxygen consumption of livcrlcss dogs is 
about 40 to 60 per cent lower than that of intact 
animals It remains constant for at least 6 hours 
and IS not influenced at all by the admimstration 
of glucose, pjruxatc, fumarato or succinate Glu- 
cose administration increases the production of COi 
in both normal and diabetic animals, although 
higher blood sugar levels arc needed for that pur- 
pose in diabetic dogs than in the normal group 
There is no correlation between the amount of 
sugar utilized and the sugar equivalents of oxygen 
consumed or the COi produced at any blood sugar 
level Insulin raises COi production without af- 
fecting the oxygen consumption Glucose m the 
complete absence of insulin has the same effect but 
higher blood sugar levels are needed than in the 
presence of the hormone to produce equal results 

Of the substances tested only thyroxine will 
increase the respiratory exchange of eviscerated 
dogs 

Potentiating and pressor action of some n-suh- 
stituted hexylamines John R Lewis (mtroduced 
by A M Lands) Dept of Pharmacological Re- 
search, Frederick Stearns and Co , Division of 
Sterling Drug Inc , Detroit, Michigan A senes of 
N-substituted hexylamines were studied for their 
effect on blood pressure and on jiotentiation of the 
pressor response of several sympathomimetic com 
pounds This senes has the general formula, 
R-(CH,)n-NH-C»H» It is divided into three 
groups 1) R = CHs and n = 0, 3, 4, 5, 6 or 7, 2) 

R = phenyl and n = 1, 2, 3, 4, 5 or 6 and 3) R “ 
cyclohexyl and n = 0, 1, 2, 3, 4, 5 or 6 N-Metly - 
hexylamine has the greatest pressor action, Di- 
hexylamine is next most active in the aliphatic 
senes N - (gamma-Cyclohexylpropyl ) -hexylanune 
18 about 5 as active as the corresponding N-met y 
denvative and has the greatest action of those com 
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pounds containing a ring In general, compounds 
containing a cyolohevyl ring are more active than 
those with a phenyl ring Many compounds in this 
senes potentiate the pressure response of epi- 
nephrine, /3 pbenylethylamine, N-methyl cyolo- 
hexylethylamine, ephednne and a few other sym- 
pathomimetic agents Inasmuch as ephednne is 
also potentiated, the amine oxidase theory is not 
applicable to this series of compounds The sensi- 
tivity of the effector cell may be altered or the 
action of other enzyme systems may be involved 
m the potentiation 

Acute toxicity was determined by mtrapen- 
toneal injection into albino mice The approximate 
LD50, in mg /kg , are hexyl-zeta cyclohexyl- 
amme 15, N-hexylamine 25, hexjl-zeta-phenyl- 
heicylamine 25, dihexylaimne 30, hex-ylcyclohexyl- 
methylamine 50 and hexylbenzylamine 70 It 
should be noted that compounds contaimnga cyclo- 
hexyl nng are more toxic than those contaimng 
a phenyl rmg The toxicity increases when the 
length of the aliphatic chain between the nng and 
the nitrogen is increased Dihexylamine is no 
more toxic than n-hexylamine 
Method of assaying adrenal preparations for 
protective action against toxic material (typhoid 
vaccine) Lena A Lewis (by invitation) and 
iBVDfB H Page From the Research Dimston of 
the Cleveland Cltntc Foundation, Cleveland, Ohio 
Protection by adrenal extract against toxicity of 
typhoid vaccine in adrenalectomized rats was re- 
ported by Hartman and Scott and the ineffective- 
ness of deaoxycorticosterone acetate by Ettelson 
With those observations as a basis, an assay for the 
protective effect of adrenal preparations against 
toxic material was developed Rats are given saline 
drinking water following adrenalectomy and 5 days 
allowed to intervene The mimtnal lethal dose of 
thyroid combined vaccine (Lederle) given intra- 
pentoneally is then determined Adrenal extracts 
are injected for three day s After the third mormng 
injection 1 33 M L D typhoid vaccine is adminis- 
tered and percentage of survivals 24 hours later re- 
corded One toxic protection umt is the amount 
required per 24 hours to protect 90 per cent of 
adrenalectomized rata against 1 33 M L D typhoid 
vaccine 

Six adrenal extracts assayed 10, 10 0, 2 5, 2 2, 
10 0 and 1 0 toxic protection units per ml Fatigue 
tests ran parallel in all but one, namely 1 0, 10 0, 
2 8, 5 0, 11 5 and 1 0 umts respectively , one umt 
equalling the actwty of 0^ mg ll-dehydro-17- 
hydroxy corticosterone Fne mg desoxy cortico- 
sterone acetate exhibited less than one toxic pro- 
tection unit 

While toxic protection actinty parallels closely 
"carbohydrato aclinti", normal blood glucose 

Ua not m llinmcAHoa nmfArf fnr mfa in. 


typhoid vaccine admimstration, succumb despite 
normal levels 

Assays for toxic protection activity are being 
made on additional extracts and crystalline mate- 
nals The usefulness of matenals with high po- 
tency (toxic protection activity) in combatting 
shock of bacterial toxin ongin is being studied 
[Extracts were supplied by Dr M H Kuizenga, 
Upjohn Company and fatigue assays were done in 
ihetr laboratories ] 

The effect of methionine on the growth of 
protein-deficient rats exposed to benzene Tsu.- 
WEN Li (by invitation) and Smith Fbeemaj. 
Dept of Physiology, Northwestern Univ Medical 
School, Chicago Four groups of 6-9 male albino 
rata, weighing about 180 grams each, were fed a 
protem-deficient diet (sugar 69 per cent, casein 9 
per cent, lard 15 per cent, salt mixture 4 per cent, 
cellophane 3 per cent, with 500 mg yeast and 2 
drops of cod liver oil daily) The diet of two groups 
was supplemented with 0 8 per cent methiomne 
making the sulphur intake equal to that provided 
by 30 per cent casein One group on the basic diet 
and one on the supplemented diet were exposed to 
600 PPM of benzene (90 per cent CsHj) for 42 
hours weekly 

All the groups lost weight when placed on the 
low-protein diet but grew at varying subnormal 
rates thereafter, except that the exposed basic diet 
group continued to lose weight for two weeks and 
was still below its initial weight after six weeks 
Both the methiomne groups gained sigmficantly 
more weight than their corresponding basic groups 
by the end of the sixth week The difference be- 
tween two exposed groups was nearly the same as 
that of the unexposed groups 

Both the exposed groups mamfested leucopenia 
but the decrease in leucocytes occurred earlier in 
the group on the basic diet 

These results show that methiomne can sig- 
mficantly increase the growth rate of rats on a low- 
protein diet As comjiared to the effect of adequate 
protein, these results indicate that sulphur may 
not be the only factor in protein that influences the 
susceptibility of protein deficient rats to benzene 
[Indebted to Velsicol Corporation for a grant and to 
Wyeth Inc for methiomne ] 

The effect of inhaled methyl disulphide on 
benzene poisoning in dogs Tsax-wes-Li (by 
invitation) and Smith Freeh vx Dept of Physi- 
ology, Northwestern Umi Medical School, Chicago 
(Readbv title ) Eigbtadultdogswerc exposed toa 
mixture of 600 PPM of benzene (90 per cent CiH.) 
and 6 PPM of methyl disulphide in an exposu* 
chamber for 42 hours e\cn week They were fed 
high fat (33 per cent) low -protein diet which su 
phed 40 Calorics and 0 S gram casein per po' i 
body weight daih as in experiments preiiousi 
/ 1 r., T PK o aI 1 lOtHl Wl a 
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lessen the manifestation of benrcne poisoning ns 
it occurred m the protcin-deficienl dogs On the 
contrnrj’', impairment of Rose Bengal dye clearance 
WRB markedly depressed in some animals Anorexia 
was also more pronounced in dogs reccixiiig methyl 
disulphide as \soll as benrcnc C PPM methyl di- 
sulphide has an adverse effect on prolmn deficient 
dogs exposed to GOO PPM of benrene [This riorJ 
was aided by a grant from the Vchicol Corporation 1 

The effect of inhaled methyl disulphide on liver 
fat of rats Tsax-utn Li (by invitation) and 
Ssimi Frcpman Dept of Physiology, Korlh- 
wesiern Univ Medical School, Chicago (Read by 
title ) Twenty male albino rats weighing about 100 
grams were divided into two groups Using a paired 
feeding technique, they were fed a fatty liver pro- 
ducing diet (glucose 3 per cent, casein 15 per cent, 
cellophane 3 per cent, salt mixture 5 per cent, lard 
40 per cent, with 600 mg yeast and 2 drops of cod 
liver oil daily) One group was exposed to a mixture 
of GOO PPM of heptane and 6 PPM of methyl di- 
sulphide 42 hours weekly for 21 days The h\cr fat 
of the exposed group was 20 5 ± 5 G per cent and 
that of the unexposed group was 23 8 =h 7 3 per 
cent The difference was not statistically sig- 
nificant 

Another twenty rats were fed the same diet with 
one group exposed to heptane w ithout methyl di- 
sulphide The liver fat of the exposed group was 
22 4 d= 7 5 per cent and the control group was IS 7 
±62 per cent The difference w as not statistically 
significant 

These results fail to show any lipotropic effect 
from the concentration of methyl disulphide used 
in this experiment 600 PPM of heptane did not 
significantly influence rats maintained on high fat- 
low protein diet [This work was aided by a grant 
from the Velsicol Corporation ] 

The relationship of alveolar and arterial oxygen 
tensions J L Lilienthal, Jr , and R L Rieet 
( by invitation) School of Aviation Medicine, V S 
Naval Air Station, Pensacola, Fla (Read by title ) 
The difference between alveolar pOi and artenal 
pOj results from tw'o factors A) the pressure 
gradient from alveolus across “pulmonary mem- 
brane” to intra-cellular hemoglobin, and B) the 
admixture of blood which has not passed through 
adequately ventilated alveoli (including venous 
contributions to artenal blood) Modern views 
hold that A is small (ca 1 mm Hg) , there is little 
evidence from which to estimate the size of B 

The alveolar-arterial (a-a) pOi difference has 
been measured in men at rest and exercising, at 
sea level and during anoxia (tracheal pOj = 75 
mm ) by new methods The average a-a differences 
during rest were 9 mm (air) and 9 mm (anoxia) 
During exercise a-a differences were 18 mm (air) 
and 15 mm (anoxia) 


With reasonable assumptions for A-V oxygen 
differences, theoretical considerations make it 
possible to calculate the relative contnbutions of 
A and B to the observed a a pOi differences These 
calculations indicate that when breathing air the 
membrane gradient (A) is 1 mm , and tliat venous 
dilution (B) lowers arterial pOj ca 8 mm Dunng 
anoxia, however, a venous dilution of similar pro- 
portions will produce only negligible effects on 
arterial pOj (< 1 mm ) , and the remainder of the 
a-a difference during anoxia must nnsc from mem- 
brane gradient lurthorworc, the S-fold increase 
in membrane gradient which this implies is neces- 
sary tlicorctically to accomplish the observed rate 
of oxygen transfer across the pulmonary membrane 
under anoxic conditions (Barcroft, Lessons from 
high nlfitmlcs, 1925) [The opinions or assertions 
contained herein arc the private ones of the writers 
and arc not to be construed as official or reflecting the 
t iciL s of the havy Dept or the naval service at large 3 
Studies on the mixing of gases within the res- 
piratory syBlcm with a new type nitrogen meter. 
J C Lii 1 1 , (introduced by D W Bronk) E R 
Johnson Foundation, Untv of Pennsylvania In 
studying respiratory processes, the analysis of 
the role of the gas mixing which occurs in the 
respiratory passages lias been hampered by a lack 
of cxponmontal methods which can record fast 
changes in gas composition In the present study, 
rapid physical methods were used to record gas 
volumes (an electrical condenser manometer) and 
gas concentrations (a nitrogen meter, which photo- 
clcctncally records the ultraviolet light emitted 
by this gas ns it flows through a continuously 
evacuated electrical-discharge tube) 

The subject breathes oxygen until the expired 
gas contains less than 1% nitrogen While holdmg 
an inspiration, be is connected to the recording 
devices and an air mixture The record is started 
on the first expiration and continues during subse- 
quent respiratoiy cycles The expiration following 
the first inhalation of air produces a record which 
IS divided into three mtrogen fraction phases 1) 
70 to 125 cc of air diluted with water vapor, 2) 
100 to 150 cc of gas with rapidly falling Nt fraction, 
3) the remaimng expired volume at an effectively 
constant Nj concentration Phases 1 and 2 are 
tentatively named “the kinetic deadspace”, for 
an inert gas Phase 3 gives essentially the same Nj 
fraction at the end of both normal and maximal 
expirations Phases 1 and 2 are relatively inde- 
pendent of ventilation velocities, and have ap- 
proximately the same volumes in normal respira- 
tion, hyperventilation, and in vital capacity 
maneuvers From these records, the kinetic dead 
space, residual volume, total instantaneous lung 
volume and maximal lung volume, have been calcu- 
lated, and were satisfactorily reproducible [Work 
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done tinder contract with the Office of Scientific Re- 
search and Development 1 
Analysis of lactic acid with a modification of the 
Conway microdiffusion unit Aukeb G Libi and 
Wiu-iamM Hart (introduced by J Earl Thomas) 
Depte of Pharmacology and Physiology, J effcrson 
Medical College, Philadelphia, Pa A modification 
of the Conway microdiffusion umt was developed 
to permit analyses of smaller quantities of lactic 
acid than heretofore possible with this simple ap- 
paratus Analysis of lithium lactate and vanous 
tissues were performed where the quantities of 
lactic acid determined ranged from 1 1 /ig to 18 0 
fig In contrast to the standard glass umt which is 
about 68 mm in diameter, the umt employed in 
this work is only 25 mm in diameter It is machined 
from a solid, clear, plastic rod one inch in diameter 
The procedure is based on the work of 'Winmck 
(J Biol Chem 142, 451, 1942) although certain 
changes were found necessary in this work The 
lactic acid is oxidized to acetaldehyde by cenc 
sulfate in the outer chamber of the umt The acetal- 
dehyde, by simple diffusion, is absorbed by sodium 
bisulfite in the inner chamber The familiar 
Clausen lodometric titration is then earned out, 
performing the final titration with a Linderstiom- 
Lang and Hoi ter mercury screw nuoro burette 
[Aided hy a grant from the Markle Foundation ] 
Diuresis resulting from intravenous mfuslon of 
urine J Maxweul Lirnm, J E Hawkins, Jr , 
and Harold D Greene Dept of Physiology and 
Pharmacology, The Bowman Gray School of Medi- 
cine of Wake Forest College, Winston-Salem, N C 
In expenments designed for another purpose, 
(Green, Little and Hawkins, Fed Proc 1946), the 
intravenous infusion of unne into cathetenzed 
dogs anesthetized with morphine-pentobarbital 
usually resulted in a marked diuresis After the 
control unne flow was determined, the unne col- 
lected at 15 minute intervals from the recipient 
ammal and from 1 or 2 donor dogs was infused into 
the recipient ammal at 15-45 intervals 
The average control unne flow in 22 recipient 
dogs was 2 9 ml /16 min (range 0 9-7 2) The flow 
accelerated immediately in 4 expenments, within 
30 minutes in 8 , and within 4 hours in 9 (average 58 
minutes) Witlun 15 minutes the volume excreted 
equalled the volume infused in 4 expenments, 
within 1 hour in 5 expenments , and w ithin 4J hours 
in 11 expenments In 1 expenment the volume ex- 
creted never equalled that infused and in 1 expen- 
ment the unne flow did not exceed the control rate 
Since the donor and recipient unnes were com- 
bined, the volume infused progressively increased 
teaching maxima of 6 7-53 8 ml /1 5 min (average 
25i) The maximal unne flows were 3 3-57 3 ml/15 
(aicmge 21 7) The total penod of infusion ranged 
from 3 to 7 hours Each infusion of unne, regardless 


of its size, was followed by an abrupt but temporary 
depression of mean arterial pressure 

In 4 expenments continuous infusion of physio- 
logical saline at average rates of 6 4 ml /15 min , 
for an average of 4 3 hrs , was accompanied by aver- 
age unne flows of 3 5 ml /15 nun Similar results 
were reported with small single infusions of physio- 
logical saline (Little et al , Am Jour Physiol 
142 246,1944) 

Use of the immature guinea-pig for estrogen 
assay Jae L Littrell (by invitation) , John Toji 
(by invitation) and Carl G Hartman Dept of 
Zoology and Physiology, University of Illinois, 
Urbana (Read by title ) As in rats and mice the 
gmnea pig vagina opens for the first time with the 
onset of the first estrus In the gmnea-pig the 
vagina remains open only dunng estrus (2 to 4 
days), the closure membrane being intact in the 
dioestrum, throughout pregnancy and in ovanec- 
tomized females 

From 1 to 5 days after careful subcutaneous injec- 
tion of estrogen in oil, or of woman’s blood (ob- 
tained from finger), into the lateral lips of the 
vulva, the closure membrane opens, closmg again 
after 2 or 3 days in the adult and after 7 to 10 days 
in weanlings The dosage of blood, or of estrogen in 
oil, IB given in two injections , one on each side of the 
closure membrane, the needle being directed medi- 
ally The gmnea-pig has proved to be as sensitive 
as the 16-day rat (cf Hartman and Littrell, Sci- 
ence, August 17, 1945), responding to as little as 
0 02 cc of female blood and to 0 000,01 milligrams 
of estrogen in oil Castrated or immature females 
seem best adapted to quantitative assay 

An automatic device for continnous frequency 
analysis of electroencephalograms Hans Lowen- 
BACH and Ian Barbour (introduced by F D 
McCrea) Depts of Physiology and Neuropsy- 
chiatry, Duke Umv Hospital and School of Medi- 
cine, Durham, N C The interpretation of human 
electroencephalograms is currently based upon the 
recogmtion of more or less marked deviationsfroma 
relatively regular, rhythmically repetitive pattern 
which 18 assumed to be '‘normal” because it is 
found in a great number of individuals who are 
subjectively and objectively healthy The pre- 
dominant amplitude and the predominant fre- 
quency are described only in general terms, such as 
high, low, fast, slow, etc 

It 18 desirable to reduce complex electroencepha- 
lographic curves to the constituent Fourier fre- 
quencies The procedure of Gibbs and Grass (1938) 
18 too complicated for routine use, and moreover 
only small, arbitrarily selected, sections of the 
record are analyzed 'The usefulness of the appa- 
ratus of Grey Walter (1943) is limited by its me- 
chamcal nature , it is slow, non linear, and does not 
produce a continuous curve 
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In this paper an apparatus will he (icscribecl 
which analyzes clcctroenccphalograins (or other 
bio-elcctncal phenomena) clcctncnllj’, automati- 
cally, continuously, and simultaneously with the 
standard procedure of recording Tlic basic prin- 
ciple IS similar to that of a hctcrodjnc radio A 
vibrating bar serves ns the tuned filter element 
because of the low frequencies invohcd The oscil- 
lator frequency is controlled bj a condenser that 
varies synchronouslj with the passage of the re- 
cording paper, on which the output is recorded bj 
an ink-writing Grass oscillograjih A number of 
analyses of elect rocnccphnlograms of normal indi- 
viduals and of persons suffering from different cere- 
bral disorders w ill be presented ns examples 

Determination of renal function in rats B E 
Lowenstein (by invitation) A C Coucoran and 
Irvine H Page Research Division of the Cleveland 
Clime Fonndalton, Cleveland, Ohio Modern meth- 
ods of renal functional studj have been applied in 
rats by the follow ing method females w cighing 100 
grams or more are lightlj ancslhctized and a metal 
urethral catheter (20 G) inserted into the bladder 
A mixture of mannitol and p amino hippuratc or of 
mannitol and diodrast in saline is injected in di- 
vided intrapentoncal and subcutaneous doses At 
the end of 25 minutes blood is sampled, the bladder 
irngated with 1 or 2 cc of saline and the mixture of 
unne and washings discarded Thirty minutes later 
the bladder is washed and the mixture of urine and 
washings kept as the urine sample Blood is again 
sampled The mean of the concentrations of man- 
nitol, p-aminohippurate or diodrast in the two 
plasma samples is taken as the representative con- 
centration during the clearance period Mannitol, 
p-aminohippnrate or diodrast clearances and the 
tubular secretory capacities (Tm) of the latter sub- 
stances are calculated 

Manmtol clearance of the rat, taken as equal to 
glomerular filtration rate, is thus found to be about 
0 0067 cc per gm body weight per minute and 
TmpAH to be about 0 0015 mg p-aminohippurate 
pergm per minute TmDiodrast approximates 0 0027 
mg diodrast-iodme per gm per minute Thus the 
ratio TmpAH/TmD in the rat is about 0 6 in con- 
trast to the ratios of about 1 7 which were obtained 
in man and dog The disparity of Tm ratios in the 
rat as compared to human beings and dogs suggests 
that the mechanism of diodrast and p-aminohip- 
purate secretion are not, as had been thought, 
identical 

Studies on the cause of pain in high altitude 
“bends ” D W Lund and J H Lawrence (in- 
troduced by Laurence Irving) Umv of California, 
Berkeley, California During exposure of human 
subjects to simulated altitudes of over 34,000 feet 
in a decompression chamber, subjects who devel- 
oped severe “bends” in areas suitable for massage 
or “milking,” e g , in the elbows, knees, and 


aiiklcd, were lowered to, and maintained at, an 
altitude at which the pain was matcriallj decreased 
or absent A firm massaging or milking stroke was 
then applied bj an investigator The stroke was 
started in the mid-portion of the limb and corned 
ccntmllj or pcriphcrallj toward the initially indi- 
cated area of jiain In all successful instances the 
massaging hand was slopped short of the initial 
point of pain 

In twent} instances of massage among 15 subjects 
pain was rcinduccd or increased at the lower alti- 
tude in 11 instances In four other instances the 
shift of pain closer to the joint ahead of the massag- 
ing hand was noted In one instance of these four, a 
rolling tourniquet was accompanied by the moxc- 
menl of the pain from a point just below the patella, 
ahead of the tourniquet to the ankle Release of the 
tourniquet was followed by return of pain to the 
original site at the knee (This phenomena has been 
obsened in two additional instances not recorded 
in this senes) In five attempts no increase or 
return of pain and no change of the location of pain 
was noted 

It 18 concluded that these observations support 
the concept that “bends” pain may be caused by 
collections of gas in the fascial and intcr-muscular 
septal planes, which by dissecting to the penosteal 
insertions of such anatomical layers, cause pain at 
these insertion points [The work described in this 
abstract was done under contract with the Office of 
Scientific Research and Deielopmcnl ] 

Effect of anoxic anoxia on stomach emptying 
lime of rats fed corn oil P L MacLachlan Dept 
of Biochemistry, School of Medicine, Tl^esf Virginia 
Univ , Morgantown (Introduced by E J Van 
Licre) (Read by title ) There is considerable evi- 
dence that anoxic anoxia results in a dinumshed 
motility and a prolongation of the emptying time of 
the stomach, in both man and dogs Studies on the 
effect of anoxia on fat absorption have shown that 
the amount of fat absorbed by rats subjected to par- 
tial pressures of oxygen of 63 mm and 53 mm Hg 
was significantly less tlian for corresponding con- 
trols That this observation could not be explaine 


on the basis of a prolonged emptying time of the 
stomach, however, has been shown by the admims 
tration of corn oil (1 385 gm ) to previously faste 
adult albino rats and subjecting them to a partia 
pressure of oxygen of 53 mm Hg (approximate 
altitude, 28,000 ft ) for 2, 3 and 4 hour periods An 
equal number of simultaneously fed control am 
mals were kept at atmospheric pressure ® 
amount of fat remaining in the stomachs of t e 
anoxic rats 2 hours and 3 hours after feeding was 
significantly less than for the corresponding con- 
trols On the other hand, no difference was foun a 
the end of 4 hours These findings indicate an initial 
acceleration of the emptying of the stomach o ra s 
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as a result of e\posure to diminished oxjgen 
tension 

The phosphatase activity of human spermatozoa 
John MacLeod and Whwam H Sxtmuerson (by 
invitation) Depts of Physiology and Anatomy and 
Dept of Biochemistry Cornell Untv Medical Col- 
lege, New York, N Y The phosphatase activity of 
human spermatozoa has been determined mano- 
metncally and chemically in the presence of certain 
phosphate esters which are of known sigmficance in 
the carbohydrate metabolism of other tissues The 
substrates used were ATP, ADP, adenylic acid, 
the various hevose mono- and diphosphates, /S glyc- 
erophosphate and acetyl phosphate Because of the 
powerful and heterogeneous phosphatase activity 
of human seminal fluid, the results presented are 
based on the activity of spermatozoa washed sev- 
eral times to eliminate as much of the seminal flmd 
as possible 

In the presence of ATP, the spermatozoa showed 
a phosphate splitting power equivalent to two- 
thirds of the total phosphorous of ATP This would 
correspond to the formation of adenylic acid from 
ATP Similarly, in the case of acetyl phosphate, the 
spermatozoa show a powerful phosphate-splitting 
activity 

The spermatozoa did not show any phosphate- 
splitting activity in the presence of any of the other 
phosphate esters studied though the seminal flmd 
and once washed spermatozoa did produce con- 
siderable hydrolysis of all of them Whether this is 
due to the inability of these substrates to penetrate 
the cell structure is not known 
The relation of these observations to the motile 
activity of the spermatozoa has also been studied 
A slide rule for pH of indicators and buffers and 
for bicarbonate equilibria J F McClendon Re- 
search Lab of Physiol , Hahnemann Medical Col- 
lege, Phtla (Read by title ) By substituting log 

a 

, for the A scale (of an ordinary slide rule) and 

1 — a 

marking the midpoint ((pK inde':'’ and substitut- 
ing an L scale for the B scale the following calcula- 
tions may be made 1) When the pK index is set 
over the value of pK of an indicator (B scale), 
under the fraction of the indicator shouing the 
alkaline color (A scale) will be found the pH (B 
scale) 2) When the pK index (A scale) is set on the 
pKi value of a buffer (B scale), under the fraction 
of buffer acid neutralized (A scale) will be found 
the pH 3) At 38°, substract pH of blood or bicar- 
bonate solution from pKj (7 62) and place this 
difference on the B scale over the left hand 1 on 
the D scale Under the millimols of fixed base on 
the C scale u ill be found the pressure of CO. in mm 
Hg on the D scale 

Concentric zones of distribution of fluorine in 
milk and dental caries J F McClendon and 
Viit C Foster (b\ invitation) Research Lab of 


Physiol , Hahnemann Medical College, Phila Mills 
divided the U S into zones of frequency of dental 
caries in children by parallels of latitude and we 
found a correlation coefficient between his data and 
our determinations of fluonne in milk of —0 37 
The data for canes (and defective teeth) in 
draftees of World War I are much more extensive 
and the low point coincides with the high point of 
fluonne in milk (Deaf Simth Countj, Texas) 
Around this center he Texas, New Mexico, An- 
zona, Colorado, Nebraska, Kansas, Missoun, Ar- 
kansas and Oklahoma with 3-7 rejectees due to 
dental canes per 1000 draftees, and 34, 26, 21, 14, 12 
and 10 parts of fluonne per 10 imlhon of drj milk 
The rest of the U S forms an outer zone with 7-48 
rejectees per 1000 and 7, 8, 9, 10, 11 and 12 parts of 
fluonne per 10 million of dry milk 

The effect of d-tubocuranne on the electrical 
activity of dogs’ brains A R McInttbe, A L 
Dhnn (by invitation) , and P E TtritAK (by invi- 
tation) Dept of Physiology and Pharmacology, 
Untv of Nebraska College of Medicine, Omaha In 
dogs, lightly anaesthetized with vsnous barbitunc- 
acid denvatives, the electncal activity of the brain 
may be modified by the intravenous injection of 
d-tubocuranne The first effect is transient and 
consists of greatly increased activity , occipital, 
panetal, and frontal regions are affected almost 
simultaneously, and the voltage may increase 
threefold The frequency is irregular and some- 
times exhibits spikes followed by' a burst of high 
frequency (100 CPS) low voltage volleys Imme- 
diately following the transient changes descnbed, 
the electncal actinty is depressed , the depression 
may occur vnth doses insufficient to prevent dia- 
phragmatic respiration With larger doses the elec- 
tncal activity of the frontal areas is decreased very 
rapidly and the imtial stimulation may be very 
bnef The depression of the frontal areas occurs 
before penpheral paraly sis It is interesting to note 
that the conclusion reached by Brodie in 1812 "that 
woorara acts on the brain” is thus confirmed These 
observations provide pharmacological evidence for 
the use of curare as an adjuvant in anaesthesia 
[This work was aided in part by a grant from E R 
Squibb and Sons ] 

Studies on the chromic toxicity of DDT in the 
dog Bernard P McNamvea' (by invitation), 
Richard J Bing,* and Frances Hopkins (by in- 
V itation) Pharmacology Section, Medical Division, 
Chemical Warfare Service, Edgcwood Arsenal, Md 
The ingestion of 100 mg /kg of DDT over periods 
varying from 2 weeks to 5 months initiated coarse 
tremors which disappeared upon withdrawal of the 
drug The daily administration of larger doses (150 
to 250 mg /kg ) for the same period of time resulted 
in severe neurological symptoms, consisting of 
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tremor, c\ftggcration of the stretch reflex and the 
placing reaction, and aberrations in gait (overstep- 
ping) Withdraival of the drug after several wcchfl 
resulted in a cessation of tremors hilc other neuro- 
logical symptoms persisted for one or two dajs In 
doses exceeding 250 mg /kg , DDT produced per- 
sistent neurological symptoms after less tiian 3 
weeks of administration Tremors, positive sup- 
porting reaction, hypcrcxtension and exaggeration 
of altitudinal reflexes persisted as long ns G days 
after cessation of such dosage Cerebellar disfunc- 
tion, as suggested by the neurological symptoms, 
has been confirmed by the pathological studj of 
Haymaker A Ginzlcr, of the Institute of Pnthologj', 
U S Army Medical Museum 
The prolonged administration of DDT (150 to 
300 mg /kg daily) produced a fall in hemoglobin 
without significant reduction in red cell count 
Daily administration of DDT (150 to 300 
/kg ) produced an increase in cardiac output 
and systolic discharge associated with a decline in 
arterio-venous oxygen difference The oxjgen con- 
sumption showed no change from control xalucs 
DDT failed to elicit any change in the glomerular 
filtration rate and effective renal plasma flow How- 
ever, there was produced a slight degree of early 
impairment of liver function, which became ter- 
minally more severe in some animals 
Human tolerance to centrifugal force repeated 
hourly throughout a day C A Maaskl, Physto- 
logical Branch, Aero Medical Lab , Engineering 
Division, Air Technical Service Command, Wright 
Field, Ohio Following repeated exposures to high 
radial accelerations, either in a human testing cen- 
trifuge or in aircraft, some personnel may complain 
of varying degrees of fatigue (subjective) To de- 
termine whether such repeated physiologic stresses 
had any effect upon the individuals G-tolerance per 
se , 8 young men, who had a known G-tolcrance his- 
tory of many months, were given complete G-toler- 
ance assays at intervals of 45 minutes to an hour 
throughout the normal working day on the Air 
Technical Service Command human testing centri- 
fuge This senes of assays also served as a control 
in a benzednne medication study 
The standard AAF techmque was used to deter- 
nune the highest acceleration tolerated with reten- 
tion of clear vision in a ten second interval Like- 
wise the lowest accelerations which produced 
dimming, narrowing and complete loss of vision 
(blackout) , and in some cases loss of consciousness 
were determined in ten second exposures 

Complete abolition of vision was lost at 4 8 Grams 
with a range from 3 6 to 7 2 There was no significant 
difference in any of the values for the various symp- 
tom levels either individually or collectively 
throughout the series of repeated hourly exposures 
for an entire day 


ComparntiTC (oxicity of penicillin for animals 
and plants Damp I Mactit Dept of Pharmacol- 
ogy, Laby of Sinai Hospital, Baltimore A dozen 
different makes of penicillin were examined Toxic- 
ity for aiiiniah was tested on white mice by intra- 
pcritoiical and subcutaneous injection Doses of 
Penicillin ranging from 600 to 15,000 Oxford units 
per cubic centimeter produced no toxic effect 
whatever Doses of 20,000 units per cc produced 
some depression , the M L D was in the neighbor 
hood of 25,000 units per cc for mice weighing 25 
grams Toxicity for plants was tested on seedlings 
of Lupinus albns, measuring the elongation growth 
of their roots in plant physiological solutions at 
CO® F in the dark, for 21 hours by the author’s well 
know n phy topliarmncological method Penicillin is 
xcry much more toxic for plant protoplasm than for 
animals Solutions of 200 Oxford units per cc gave 
only 40% of normal grow th , those of 6 units per cc 
only 60% of normal growth , those of 1 unit per cc 
76%, and those of 0 5 unit, gave a growth index of 
85% Even w cakcr concentrations of penicillin pro- 
duced a definite inhibition in growth when studied 
by cBpecially delicate plant physiological methods 
An extensive study is in progress to build up a 
curv'c of growth by means of which it may be pos- 
sible to determine at least approximately the 
amount of penicillin present in samples of blood 
Comparison of opiates, dcmerol, and cobra 
venom on cats’ pupils Damd I Macst Dept of 
Pharmacology, Laby , Sinai Hospital, Baltimore 
(Rend by title ) Unanesthetizcd cats were given 
injections either hypodermically or intrapen- 
toncally Morphine sulphate 1 to 6 mg produced 
maximum my'dnasis and very great excitement of 
the animals Similar maximal dilatation and agita- 
tion were produced by dilaudid 0 025 to 0 05 grain 
Pantopon 4 to 8 mg gave maximal mydnasis but 
less excitement Injections of codem and papavenn 
produced no significant change in the size of the 
pupils Demerol 10 to 20 mg caused maxi^ 
mydriasis and great excitement undistinguishable 
from that produced by morphine Cobra venoin 
to 10 mouse units was followed by no change or y 
slight myosiB of the pupils and produced a sedative 
instead of exciting effect on the behavior of t e 
cats Cocain hydrochloride injections 4 to 20 mg 
produced marked dilatation of the pupils an 
tremor Injections of benzedrine sulphate made t e 
cats wild and produced maximal dilatation o 
pupils The duration of maximal mydnasis wa 
longest after morphine and demerol 

Influence of snake venoms on prothrombin 

of normal and hemophiliac blood David I 

Dept of Pharmacology, Labys of Sinai Hospi > 
Baltimore (Read by title ) Prothrombin tune w 
measured on plasma samples of cats, norma m , 
and 2 hemophiliacs by employing solutions ol va 
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0U3 snake venoms 1 10,000 to 1 200,000 m physio- 
logical saline, and companng the results with 
prothrombin time determined by Qmck's thrombo- 
plastin method The venoms evamined were those 
of Naja tnpudtans, Naja ntvea, Naja Bungarita, 
Burmese Cobra, Bungarus fasctatus, Daboia (or 
Bussell’s Vrper), Boihrops atrox (or Per de Lance), 
Ankislrodon mocassen, Hemachatus hemachaltts, 
Boihrops jararaca, Bitts artetans, and several spe- 
cies of Croialus or rattlesnakes In optical concen- 
trations, the cobra venoms produced coagulation in 
3i to 8 minutes , Bungarus fasciatus (Krait) in 4 to 
6 minutes, Boihrops atrox in 5 to 6 minutes, 
Ankislrodon mocassen in 3 to 4 minutes, Croialus 
venoms in 6 to 8 minutes, Bemachalus (Rtnghals) 
and Bills in 1 to 2 hours The most rapidly acting 
venoms were found to be those of Boftois (Russell’s 
Viper) and of Boihrops jararaca, they produce 
complete coagulation in 15 to 30 seconds There is 
very little difference in prothrombin time between 
normal and hemophilic blood irrespective of 
whether Qmck’s thromboplastin or snake venoms 
are used for the test 

Pharmacodynamic reactions of previonsly irra- 
diated organisms David I Macht Depts of 
Pharmacology and Radiology, Stnai Hospilal 
Ballmore (Read by title ) The growing impor- 
tance of radiology as regards biological effects 
prompted an inqmiy into drug action on previously 
irradiated ammals and plants Zoopharmacological 
etpenments were made on mice exposed to doses of 
63 r to 210 r from Roentgen tubes operated on 200 
K V , 60 raa , and at 50 cm , filtered through 2 mm 
cupper Some drugs produced the same effect on 
irradiated as on normal ammals , others were more 
tone for X-rayed mice, while still others were less 
tone for irradiated animals Sulphadiazine, a 
chemotherapeutic agent, had the same potency for 
both sets of mice , digitalis, a heart drug and cobra 
Venom, a medullary poison, were more tone for 
X-rayed than for normal mice, while HgClj, the 
kidney poison, is actually less poisonous for pre- 
viously irradiated than for normal ones Mice in- 
jected with HgClj first, and then radiated within 
two hours, survived in 40% to 50% while control 
mortality was 90-100% 

Phytopharmacological experiments were made on 
Luptnus albus Here again some drugs acted ex- 
aclly the same on normal and X-rayed plants 
Other drugs were more toxic for irradiated plants 
while still others were less toxic for seedlings pre- 
'louslj treated with X-rajs Sulphadiazine and 
para amino benzoic acid produced exactly the same 
effects on radiated ns on normal seedlings Digitalis 
and atabnne were less toxic for growth of X rayed 
plants Epinephnno was equally toxic for both 
Ephednne, pemciihn, and snake venoms became 
more toxic for the X-roj ed plants than for controls 


The irradiations were made through courtesy of 
Dr Marcus Ostro, Chief of the Radiological De- 
partment of Sinai Hospital 
Thromboplastic properties of mercurial di- 
uretics David I Macht Depi of Pharmacology, 
Labys of Stnat Hospital, Baltimore (Read by 
title ) Following the author’s discovery of the 
thromboplastic action of digitalis and other digi- 
taloids (Annals Int Med , XVIII, 772, 1943), an 
investigation was begun of certam mercunal- 
diuretics These are known to have produced sud- 
den death, at the height of their cbmeal admims- 
tration Nearly 200 experiments were made on 
rabbits and cats, blood for coagulation tests by 
Howell’s method being drawn either directly from 
the heart or from the carotid artery The drugs 
studied were two mersalyl denvatives, namely 
mercupurin and salyrgan (without theophylline), 
and mercuhydnn These were found to produce 
marked shortening of coagulation time noted for 3 
and more hours after both intravenous and intra- 
muscular injections An analysis of the thrombo- 
plastic dynamics revealed no sigmficant changes in 
platelet counts or blood calcium , but there was a 
defimte diminution in prothrombin time, and in 
antiprothrombm, and a decrease in fibnnogen pro- 
duced by' the drugs Several other organic mercury 
compounds and even bichloride of mercury also 
exerted defimte thromboplastic effects 
Experimental detoxification of pemphigus blood 
David I Macht and Mabcus Ostko (by invita- 
tion) Depts of Pharmacology and Radiology, Stnat 
Hospital, Baltimore (Read by title ) The Macht- 
Pels phytotoxic reaction of pemphigus blood serum 
(Proc Soc Exp Biol and Med 1927, XXTV, 237, 
Arch Dermat and Sypb 1929, XIX, 640, 1931, 
XXIII, 601 , 1934, XXIX, 206) has been applied up 
to the present wnting to over 2500 blood specimens, 
and proved to be accurate diagnostically in over 
90% of patients The present authors, being en- 
gaged in studying the effects of X-rays on blood, 
found that pemphigus sera exposed to smtable rays 
tn intro were completely detoxified by 63 r to 105 r 
of Roentgen energy, as judged by phy topharmaco- 
logical tests on Luptnus albus seedlings, by Macht’s 
method (Jour Lab and Clin Med 1941, XXVI, 
597) The most effective rays in this respect are 
those passed through a composite filter of 2 mm Cu 
at 200 K V , 50 M A , and 50 mm target distance 
Two severe clinical cases of Pemphigus with very 
toxic blood, when radiated with 105 r over the 
spleen, ynelded a completely detoxified blood 
serum, as tested phy fopharmacologically for sev - 
oral day s after treatment 
The effects of blood pressure changes, reflexly 
induced, on glomerular activity and renal plasma 
flow in the ttnanesthetized rabbit J P Maes and 
R P Forsteb (by invutation) Dept of Physio- 
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logical Sciences, Darlmoidh Medical School, and 
Dcpl of Zoology, Darlmouth College CrciUnmo 
clearance and para aminolnppunc acid clearance 
were determined in iinnncstlietircd rabbits, na de- 
scribed in another report (F A. Ill , this incctiiiR) 
Under local anesthesia the depressor nerves were 
severed and changes induced in the blood pressure 
(determined from the femoral artcrj ) 1)} clamping 
and releasing the carotid arteries 

Of all animals studied 11 Mere chosen for (his 
report because the control aalucs ncre cspecialli 
suitable for annlysis 

In 7 animals the kidncjs had been denennted 
and the adrenals demedullated several necks before 
the experiment Occlusion of the carotid arteries in 
these animals, nhile raising the blood pressure, 
would presumably not cause reflex renal vasocon- 
striction nor liberation of adrcninc In six eases an 
increase in creatinine clearance (glomerular filtra- 
tion rate) followed each rise in blood pressure The 
para-aminohippunc acid clearance (effect i\e renal 
plasma flow ) increased with the pressure in 4 cases 
The amount of glucose reabsorbed per minute usu- 
ally increased with the creatinine clearance This is 
interpreted as indicating an increase in the number 
of active glomeruli 

In a second group of 7 animals the kidnojs and 
the adrenals w ere normal The results in this group 
were not as homogeneous as in the former How- 
ever, m some cases the para-aminohippuric acid 
and creatinine clearance increased with the blood 
pressure 

Righting activitj in spinal and decerebrate cals 
after d>amphetamine H M MALt^G (bj' invita- 
tion) and G H Acheson Dept of Pharmacology, 
Harvard Medical School, Boston, Mass Postural 
behavior suggestive of nghting activity was ob- 
served in acutely spinal or decerebrate cats after 
the intrapentoneal injection of d-amphetamine, 
usually m a dose of 10 mg per kg 

The decerebrate cat lying on its side would slowly 
lift its head from the table and turn it so that its 
eyes were almost level Meanwhile the forelegs 
would take a position tending to right the shoul- 
ders Similar but less marked righting activity oc- 
curred in the rump, accompanied by elevation of 
the tail slightly above the table 

This activity was accentuated by contact of the 
cat’s side with the table after a period of support in 
the air, by stimulation of the toes or of the perineal 
region, or by acceleration of the animal upward or 
downward while in mid-air in side position Espe- 
cially with acceleration, the tail underwent rotary 
motions, as seen in the righting of intact animals 

Of 20 cats with complete sections of the spinal 
cord at levels between C6 and T8, 11 showed the 
same rotary motions of the tail w hen laid on the side 
and when the lateral aspect of the hind knee w'hich 
next to the table was rubbed Eight others lifted 


llieir tails from the table during this rubbing Ten 
of the 20 cats responded to this rubbing with in- 
complete nghting of the rump, accomplished by 
inoicmcnts of the hindlegs and elevation of the 
lumbar spines from the table 
D ampbetamme appears to actuate righting 
mechanisms present but iisuallj inapparcnt in 
acutoij spinal or deecrebrate cats 
niccfrocardlographfc changes in hemorrhagic 
nnd Ischemic compression shock Josf Mamuque 
(introduced bj Carl J Wiggers) Dept of Physiol- 
ogy, School of Medicine, Western Reserve Univ , 
Clncland, Ohio Dogs rcecncd morphine and so- 
dium barbital anesthesia Electrocardiographic 
leads were the tlirce standards, four or five pre- 
cordinls nnd three augmented umpolars Arterial 
blood pressure was measured continuallj In seven 
dogs electrocardiograms were taken before hemor- 
rlrngc, during hemorrhagic hjpotcnsion with blood 
pressure of 50 nnd 30 mm Hg, after rcmfusion nnd 
during irreversible shock 
In nnotlicr group of nine dogs both hind legs were 
wrapped from ankle to groin with rubber tubing 
which was released after six hours, resulting in 
shock Electrocardiograms were taken before and 
after release of the tubing 

Results Hcmoirlingic shock Changes seen after 
hemorrhage w ere displacement of S-T segment with 
partial or complete recovery following reinfusionof 
blood There was also a tendency for the T wave to 
become increased in amplitude and sharper in con- 
tour, simultaneously with the above changes 
Ischemic compression shock Changes seen were 
displacement of S-T segment before release of 
tubing, — usually with partial recovery after re- 
lease In one case, after release, the QRS complex 
was changed in shape and amplitude 
After release of the tubing in four dogs, the hind 
legs were massaged, with the following results m 
different dogs S-T segment displacement, auncu- 
lar fibrillation, and x’entncular fibrillation Other 
changes, after massage, not electrocardiographic, 
were a markedly decreased beat rate, pulsus alter- 
nans, decreased blood pressure, blood pressure 
waves resembling irregular Traubc-Henng waves, 
and decreased survival time 

The effect of air movement on human response 
to heat and humidity John P Mabbabgek (by 
invitation) and Craig L Taylor, Aero Medico 
Laby , Atr Technical Service Command, Wrigni 
Field, Dayton, Ohio The effect of air movement on 
tolerance for heat and humidity during short pe- 
nods of exposure (60 minutes) was studied on the 
nude, sitting subject General details of experi- 
mental plan, test environments and methods o 
analyzing the data in this senes are similar to those 
described in another abstract, (C L Taylor an 
J P Marbarger) Two subjects previously tested 
in "still air," (0 5 miles per hour) were exposed to 
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air movements of appro\imately 3, 5 and 10 miles 
per hour, in each environment, except the extreme 
hot diy conditions which proved to be intolerable 
for 60 minutes exposure with wind The air move- 
ment, produced mth a large blower, evenly venti- 
lated the front body surface from heat to foot Air 
speed was measured throughout the experiments 
with a heated glove anemometer 
The physiological index of heat strain (numencal 
combination of heart rate, skin and rectal tempera- 
tures) increased directly with air movement in the 
hot dry environment, reflecting increased convec- 
tive heat gain since the air temperature was above 
skin temperature In the hot-humid environment, 
however, air movement decreased the index at 
moderate vapor pressures but increased it at ex- 
treme vapor pressures Relative to this index, 
sweat loss was higher in the hot-dry and lower in 
the hot-humid, thus confirming a similar effect 
found in the “still air” environment experiments 
The delimitation of separately innervated re- 
gions of single skeletal muscles ‘ J E Markee 
and H LOwenbach (by invitation) Dept of Anat- 
omy and Depts of Physiology and Neuropsychiatry 
Duke Untv School of Medicine, Durham, North 
Carolina In certain long muscles of the limb of the 
dog segmental contraction can be induced by stimu- 
lation of the separate nerve branches entenng the 
muscle Segmental contraction can also be induced 
bj stimulation of successive nerve roots A morpho- 
logical study in the human demonstrated that 
nerve branching occurs in a similar way, but this 
finding throws no light on the distribution of the 
nerve fibers wothm the muscle In the dog, we re- 
corded the segmental participation of the limb 
muscles photographically but because the “seg- 
mentation” of the muscle was necessarily arbi- 
trary, this study, too, does not reflect the true state 
of affairs 

To delineate biologicallj , in the dog, the bounda- 
ries of the segments, we stimulated successively 
the nerve branches entenng a muscle and mapped 
out the corresponding regions from which an action 
current could be obtained ’ It appears that the 
areas of innervation are quite distinct with rela- 
tivclj little overlapping The areas of innervation 
do not conform to any known structural boundaries 
For example, in the m rectus femoris the three 
areas that can be excited separately are of triangu- 
lar shape, the proximal and distal areas nearlj 
meeting on the medial side of the muscle The con- 
figuration of separatelj excitable regions recorded 
m a number of limb muscles will be illustrated bj 
lantern slides 

Anticonvulsant effect of pregnenolone M 

‘Aided by ocnintlromtho National roundation forinfantdc 
"amlj-sjs Inc 

‘The technical nsjistanco of VIr Tan Barbour la cialctuUy 
•ftnoivIcdEpd 


Masks (by invitation), H T WTas (by invita- 
tion) and E A Spiegel Dept of Exp Neurology, 
Temple Univ Medical School, Philadelphia, Pa 
Former studies from this laboratory (Spiegel, Fed 
Proc 2 47, 1943, Spiegel and Wycis, Fed Proc 4 
67, 1945) revealed an anticonvulsant effect of some 
steroids, among them acetoxypregnenolone It 
seemed therefore of interest to extend these studies 
to pregnenolone ‘ In female as well as male rats, 
the threshold for electrically induced convulsions 
was raised to 1 7-3 times the normal value on intra- 
pentoneal injection of pregnenolone (20-25 mg 
per kilogram body weight dissolved in propylene 
glycol, 4-5 mg per cc ) On intramuscular injec- 
tion, larger doses were necessary to obtain an anti- 
convulsant effect 30-40 mg intrapentoneallj 
produced ataxia In cats and dogs (male and fe- 
male), the threshold was raised to 1 6 — over 3 0 
times the premedication value with intrapentoneal 
injections of 30 mg pregnenolone per kilogram 
body weight (1% solution in propylene glycol) In 
some ammals, an increase in threshold could be 
observed for several days after a single injection 
The anticonvulsant dose did not change the general 
behavior of the ammals With 40 mg per kilogram, 
the dogs and cats were slightly ataxic Still larger 
doses (50 mg per kilogram) produced in them a 
picture resembling more or less catalepsy, spon- 
taneous movements being reduced, correction of 
abnormal postures being retarded with preserved 
ability to walk on stimulation and to react to pain 
In contradistinction to bulbocapmn catalepsy, an 
increase of muscular tonus was not noticeable 

Respiratory water loss at ground level and al- 
titude Louise H Marshall (introduced by 
Heinz Specht) National Inst of Health, Bethesda, 
Maryland Water vapor in the exhaled air of human 
subjects was condensed and frozen out in a chilled 
brass camster and weighed to a precision of 0 3% 
Respiratory volumes and rates were determined 
dunng collection of the water vaj»r Resistance to 
respiration was kept to a mimmum, and care taken 
to ensure complete drying of mask and tubing be- 
fore and after use 

Determinations were made at ground level with 
the subjects breathing dry oxygen at room tem- 
perature and performing moderate exercise The 
average lung water lossat ground lev el wasapproxi- 
mately 300/mg per minute, or nearly 32 mg 
per liter (STP dry ) exhaled gas This corresponds 
to complete saturation at 31 °C , or 70% saturation 
at normal body temperature 

At a simulated altitude of 30,000 feet, other con- 
ditions rcmaimng the same, approximately 10% 
less water per minute was exhaled The minute 
volume at altitude decreased to a greater extent 
This resulted in a slightlv higher water vajxir con 

* Iundl> supplied bj Dr E ncndcrsonund Dr E Schwenk 
Sebenns Corporation 
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tent per liter exhaled gas at 30,000 feet than at 
ground level 

Spinal and peripheral 8>nap(ic susceplibllit) (o 
nembutal (sodium pentobarbital) ns shown by 
vesicular responses A W hlAnriv, IlrarN M 
ICipPLE (by invitation), J M Dinnr (by invita- 
tion) and Bernicc G IIahris (by invitation) 
Dcpl of Aminal Biology and Dcpl of Pharmacol- 
ogy, Umv of Washington, Seattle Contractions of 
the urinary bladder, produced by electrical stimu- 
lation of the central end of the pudendal nerve in 
the spinal rabbit, were abolished by intravenous 
admimstration of 10-20 mg /kg of nembutal 

Stimulation ofpreganglionic fibers of the pelvic 
nerve causes contraction of the bladder Intra- 
venous injection of 20-40 mg /kg were required 
to inhibit this response 80 per cent Increase to 
80-100 rag /kg produced little further inhibi- 
tion This appeared to bo due to the presence 
of some post-ganglionic fibers at this locus of 
stimulation, an explanation which was borne out 
by the fact that mcotinc produced nearly the same 
degree of inhibition to electrical stimulation of this 
nerve Therefore 20-40 mg /kg may be consid- 
ered to produce complete inhibition of the synapse 
between pre- and post-ganglionic neurones 

Perfusion of the bladder with defibnnated blood 
appeared essential to the successful study of the 
post-gangliomc endings Doses of 10-20 mg per 
100 cc of blood (roughly 100-200 mg /kg ) 
produced reversible inhibition of the visceral 
neuro-myal junction in 15 to 20 minutes That this 
was not an effect upon the smooth muscle fibers was 
shown by the persistence of their response to direct 
application of acetyl-choline solution to the surface 
of the bladder To prevent this muscle response to 
acetyl-choline a quantity of about 100 mg per 
100 cc of blood (roughly 1 gm /kg ) had to bo 
used This inhibition too was reversible 

Effects of proteins on the resistance to anesthe- 
sia produced by barbiturates George Masson 
Dept of Anatomy, McGill Umv , Montreal, 
Canada Rats treated with crude extracts of beef 
anterior pitmtary are more sensitive to nembutal 
anesthesia This increased sensitivity appears after 
the first few days of treatment, is maintained dur- 
ing the entire treatment and, furthermore, subsists 
after its cessation Since nembutal was the only 
anesthetic used, we decided to test various bar- 
biturates Male rats weighing 80-100 g were 
injected subcutaneously with pituitary prepara- 
tions (40 mg a day of lyophilized glands) for a 
period of 6 days On the 7th day each barbiturate 
was admimstered intrapentoneally, according to 
body weight A group of controls received the same 
dose of barbiturate The following conclusion can 
be drawn the sensitivity to barbiturates detoxified 
mainly in the kidney, is not modified by pituitary 
extracts, while the sensitivity to barbiturates de- 


toxified in the liver is increased (pentothnl ex- 
cepted) Tlie degree of this increase in sensitivity 
IS inversely proportional to the duration of action 
of the anesthetic In order to investigate the 
specificity of the pituitary extracts, mts were 
injected with various extracts of beef tissues and 
various proteins at the daily dose of 40 mg All 
tissue cxlmcts were active Among the proteins, 
casein, Ca casemate, egg albumen and zcin in- 
creased the duration of nembutal anesthesia, while 
gelatin, amigcn and scrum were devoid of activity 
Since non specific damaging agents (cold, formalin, 
exercise) arc inactive, it seems that the increased 
sensitivity is mostly related to the proteins con- 
tained in the pituitary extracts and not due to any 
hormonal factor It is suggested that the assimila- 
tion of foreign proteins interferes with some im- 
portant mechanism necessary for the detoxification 
of Ixarbituratcs (Aided by a grant from the John 
and Mary R Marklc Foundation ] 

The use of carbon dioxide in preventing post- 
exercise orthostatic circulatory insufficiency H 
S Maversos Dept of Physiology, School of 
Medicine, Tiilanc Umv In a previous publication 
(J Aviat Med , 15 301, 1944) it was shown that 
many indiv iduals faint w hen kept motionless in the 
upright position after performing a standard 
amount of moderate exercise Their post-exercise 
response is particularly charactenzed by a low 
and rapidly* falling systolic pressure and circula- 
tory failure within five to ten minutes after the 
exercise is fimshed In the present study, ten such 
‘‘faintcrs” have been made to breathe air contain- 
ing from 4 to 7 p c COj for varying mtervrals after 
the exercise When CO- is giv en immediately after, 
the post-exercise sy stolic pressure level is high and 
drops only gradually , syncope does not occur and 
the pattern of responses resembles that of the 
“non-fainter” Likewise, the admimstration of 
CO- when syncope is imminent results in a reversal 
of the pattern of response and averts the collapse 
Respiratory* gas analyses indicate that the COj 
content of alveolar air in “fainters” is dimimshed 
after the exercise and remains from 25 to 40 p c 
lower than the pre-exercise level whereas the drop 
in “non-fainters” is less (5 to 25 p c ) Venous 
and arterial blood gas analyses are in progress 
IS tentatively suggested that, under the conditions 
of our experiments, the level of COi m certain 
individuals ("fainters”) falls below that necessary 
to stimulate the vasomotor center and that t e 
rise in the systolic pressure following the admims 
tration of CO- is due to stimulation of the cen er 
and a consequent vasoconstriction which countM 
acts the local dilatation produced dunng ® 
exercise 

The experimental production of static tremor 

Fred A Mettler Dept of Neurology, College o 

Physicians and Surgeons, Columbia Univ , e 
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Yorh The conunoaplace, so called "resting” 
tremor of the neurologic dime is an expenmental 
ranty It is well known that experimental efforts, 
based on current theories of the pathology of 
paralysis agitans have invanably failed to ehcit 
static tremor Available knowledge of the neuro- 
pathology of this disease is, however, of notably 
poor quahty It remains to be seen what informa- 
tion may be obtained by pathological inquiry 
directed toward the cerebellar apparatus 

Static tremor has been accidentally encountered 
in one case of lesion of the brachium conjunctivum 
(Ferraro and Barrera), man unspecified number of 
short-hved cases of diffuse lesion in the region of 
the brachium (Walker and Botterell) and in ten 
cases of damage of the cerebellar apparatus (Mett- 
ler) 

In the latter cases tremulous movements were 
highly variable in quality and persistence The 
most pronounced and durable examples occurred m 
association with brachial interference Subsequent 
work has tended to confirm the hypothesis that 
reasonably persistent static tremor depends upon 
a pathologic complex in which interference with the 
cerebellar apparatus is a necessary factor The 
modulating effects of other lesions are under 
investigation 

In none of our expenmental cases did we feel 
justified in descnbing the resultant tremor as one 
of stnet rest There is also a large body of climcal 
opimon which prefers to speak of Parkinsonian 
tremor as static rather than resting (Benda and 
Cobb) and as present under greatly variable condi- 
tions of background activity (Hoefer and Putnam) 
[Aided hy the Wm J Malheson Commission ] 

The urinary excretion of thiamine, pjramin 
(the pjTimidine-Iike component of thiamine) and 
riboflavin by man in semi-starvation Olaf 
Mickelsbn (introduced by Ancel Keys) Laby of 
Physiological Hygiene, Vniv of Minnesota, Minne- 
apolis, Minnesota Three -day unne samples were 
collected from 34 subjects at the 12 and 24 week 
periods of semi starvation (cf Keys, Fed Proc , 
1946) They were analyzed for thiamine bj the 
thiochrome procedure, for pjramin by the yeast 
fermentation method and for riboflavin by the 
fluorometnc techmque The diet during this period 
pronded 1 29 mg thiamine and 0 71 mg riboflavin 
per day At the 12 and 24 week periods, the excre- 
tions were in mg per day with the standard devia- 
tions thiamine 0 121 (±0 060) and 0 132 (±0 071) , 
Pjramin 0135 (0 018) and 0132 (±0 027)— and 
riboflavin 0 056 (±0 035) and 0 056 (±0 030) The 
largest contributor of thiamine in the diet was 
whole wheat bread which was varied in amount 
from subject to subject in order to maintain his 
fleaired rate of weight loss Tho thiamin excretion 
showed a —0 66 and a -1-0 70 correlation to the 
bread intake at tho 12 and 24 week periods , the 


correlation of the pyramin excretion and bread 
intake at these periods was -fO 416 and -pO 813 
The pyramin excretion showed a -f 0 514 and a 
-}-0 300 correlation to the BMJl respectively, a 
—0 24 and a -fO 66 correlation to the thiamin 
excretion at the 12 and 24 week periods The ribo- 
flavin excretions are among the lowest we have 
ever seen, in some cases, the daily excretion was 
0 014 mg The correlation between the riboflavin 
excretion of each man at the 12 and 24 week penods 
was -f-0 549 [This work mas supported in pari 
under a contract mith the Office of Scientific Research 
and Development Support from other sources mill 
be acknowledge in final publication ] 

Analysis of the normal T-1824 disappearance 
curve A T Milleb, Jb Dept of Physiology, 
Vniv of North Carolina School of Medicine, 
Chapel Hill Despite widespread use of the dye 
method for determimng plasma volume, there is 
lack of agreement on fundamental issues concermng 
interpretation of the disappearance curve Some of 
these issues were reinvestigated on normal, un- 
anesthetized dogs, with the following results 

(1) The best approximation to hneanty is ob- 
tained by plotting loganthm of dj e concentration 
against time Deviation from lineanty occurs in 
the square root of time plot 

(2) The slope of the dissappearance curve is 
steep, and vanes in different ammals, dunng the 
first hour, less steep and more constant dunng the 
next 24 hours (rate of dye loss «= 6 to 8 per cent 
per hour) 

(3) The form of the curve is constant fora given 
smmal for many months 

(4) Mixingofthedyeinthe bloodstream is corn- 
plate in 5 to 33 minutes hDxing time is inde- 
pendent of the amount of dye injected between the 
limits of 0 5 and 5 0 mg per kg of body weight 

(5) Mixing tune is reduced or abolished by a 
previous injection of dye or of india ink Our data 
oppose the view of Cruickshank and Whitfield (J 
Phyaiol 103 19P, 1944) that the rmxing curve is 
due to rapid removal of dye by reticulo-endothelial 
cells The sigmficance of the mixing curve is being 
investigated 

(6) Variability in duration and slopie of the mix- 
ing curv e makes calculation of plasma volume from 
single samples open to question Fair approxiina- 
tion to true imtial dye concentration is obtained 
by multiplying the dye concentration of a 10 min- 
ute sample by 1 04 

Dog hemoglobin parenferally weli utilized to 
maintain weight and nitrogen balance Utilization 
implored by dl metblonmebntnotbydl isolencinc 
Leox L Milleb (introduced by G H Whipple) 
Dept of Pathology, School of Medicine and Dentis- 
try, Vnir of Rochester Dog hemoglobin (laked red 
blood cells) given intrapcntoncallj as virtually the 
sole source of nitrogen intake in normal dogs main- 
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tains approMmnlc urinary nitrogen bilancc with 
slight weight loss Hemoglobin is less elTectno in 
this respect than pircntcral plnsnia proteins 
When supplemented with dl-isoleucinc dog hemo- 
globin given intrnpcritoncnlly is no better utihrcd 
and slight weight loss persists 
Dl-mcthiomnc supplementation on the contmrj , 
results in positive nitrogen bnlaiicc and mainten- 
ance or slight gain of weight The further addition 
of dl-iBoleucine docs not improve the effect of 
methionine 

The contribution to protein cconomj of hemo- 
globin liberated during normal red cell obsolescence 
and break down is not insignificant 
The above experiments demonstrating main- 
tenance of the adxill dog bj parenteral plasma or 
hemoglobin arc at variance with reports showing 
failure of rats to grow w hen/cd human or beef globin 
unless supplemented with isoleucine 
Speed of response of arterial oxjgen saturation 
to rapid change in equivalent altitude G A 
Millikan E It Johnson Foundation, Umv of 
Pennsylvania A sudden change in the equivalent 
altitude (or in the gas composition of the inspired 
air) produces a corresponding change in the oxjgen 
content of arterial blood whoso extent and time 
course depend upon the depth and frequenej of 
respiration, the functional residual lung volume, 
the eflficiency of mixing in the lungs, and the 
cardiac output These relations arc being studied 
by simultaneous registration of respiration (Pap- 
penheimer-Lilly flow meter) and blood saturation 
(oximeter) using instruments w hose time rcsolvung 
power IS a small fraction of one respiratory cj'clc 
When pure oxygen replaces a low -oxygen breath- 
ing mixture, there is a time lag in the resting sub- 
ject of about 7 seconds before the saturation starts 
abruptly to rise This delay is reduced in exercise 
to about 3 seconds, reflecting the increased rate of 
blood flow from the lung to the ear Subsequent 
changes in the saturation can be compared with 
that predicted from the respiratory pattern [Work 
done under contract with the Office of Scientific Re- 
search and Development ] 

Breath-holding time in anxiety states I An- 
THTJK Mihsky, E Lipman (by invitation) and 
Rot R Grinker (by invitation) May Inst for 
Medical Research, Cincinnati, Ohio, Michael Reese 
Hospital, Chicago, Illinois Young male patients 
suffenng from a variety of anxiety states were 
tested as to their breath-holding capacities under 
various tensions of alveolar CO 2 The latter was 
produced by different degrees of alveolar ventila- 
tion before holding the breath 
Essentially, the test consisted in measuring the 
length of time that a subject could hold his breath, 
(a) under ordinary respiration, (b) after a single 
extra deep respiration, and, (c) after six extra 
respirations The timing was started at the end of 


inspiration It was noted that decreasing the 
alveolar COj resulted man increase in the subject’s 
capacilj to hold his breath Thus, in a group of 
normal subjects a single extra respiration induced 
a 01% increase in the average breath-holding tunc, 
while SIX extra respirations induced an increase of 
lG'i% .Since the subjects were not aware of the 
effect of hjperventilation, motivation could be ex- 
cludetl ns a factor in the breath-holding time 

It was observed that the average breath-holding 
time in a group of twentj-two men was 45 seconds 
after no extra v entilation , 8G seconds after a single 
extra ventilation, and 111 seconds after six extra 
ventilations A group of sixty-two patients with 
nnxietj slates, when subjected to the aame proced- 
ures, had an average breath-holding time of 28 
seconds, 5o seconds and 07 seconds, respectively 
Statistical analysis revealed the reliability of the 
difference between the two groups of men to be 
ov or SIX, w Inch suggests that the difference between 
the normal and abnormal patients is of clinical 
significance 

Heat exchanges of man in cold outdoor environ- 
ments G W Molnar (bj invitation) and E F 
Anoirii Dept of Physiology School of Medicine 
and Dentistry, Univ of Rochester, Rochester, N V 
Men in shorts wore exposed to outdoor cnvnron- 
ments for 1 to 1 hours in sitting, lying or standing 
positions As position showed no significant effect, 
all results were averaged In the shade, heat pro- 
duction was augmented at air temperatures below 
IS'C at a rate of about 10 Cal /hr for each Centi- 
grade degree fall in temperature In the sunshine, 
heat production increased only' when air tempera- 
ture was below 10°C 

Surface temperature, averaged for ten points, 
dropped 0 G° per Centigrade degree decrease in air 
temperature in tbe shade In the sunshine the 
temperature was higher After the first hour , sur- 
face temperature remained nearly constant As 
Burning that the stored heat lost during the first 
hour can be estimated from changes in surface and 
rectal temperatures, the man in the shade cooled 
about 15 Cal /hr per Centigrade degree air tem- 
perature below about 30 °C In the sunshine, the 
rate was the same, but coohng occurred only at air 
temperature below 25'’C This estimated store 
heat loss was greater than heat production during 
the first hour , the rate of total sensible heat loss 
was, therefore, twice that of heat production, an 
amounted to about 650 Cal /hr at 1°C air tem 
perature The threshold for stimulating heat pro 
duction could be body cooling of about 200 
during the first hour Turmng on the sun is equiva 
lent to raising air temperature about 5 C , or man 
gains about 65 Cal /hr from the autumn sun 
[Work done under contraet with the Offiee of Scien i 
fic Research and Development ] , fi v 

Vitamin A levels of dog plasma (Read by title ) 
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W G Moss (introduced by G E Wakerbn) Dept 
of Physiology, Umv of Illinois College of Medicine, 
Chicago Seven dogs vrere found to have plasma 
levels of vitamin A in the same range previously 
reported for humans (42-187 Gamma per 100 cc ) 
However the carotene values v, ere always negative 
m contrast to human plasma vhich contains 70-290 
Gamma per 100 cc Plasma tolerance curves on 
eleven dogs using 25,000 and 50,000 I U of vitamin 
A were similar to those reported for humans (300,- 
000 I U ) evcept that the dog plasma levels re- 
turned more slowly to normal During the admims- 
tration to twelve dogs of 200,000-400,000 I U per 
day for siv months, the fasting plasma levels usu- 
ally ranged from 500 to 2,000 Gamma per 100 cc 
and in some dogs e\ceeded 5,000 Gamma per 100 cc 
The plasma levels remained well above normal 
even two years after vitamin A nas discontinued 
Vitamin K and experimental renal hypertension 
(Read by title) W G Moss (by mvitation) and 
G E 'Wakerun Deparlmeni of Physiology, Uni- 
versity of Tlltnois College of Medicine, Chicago We 
previously reported a study of the possible anti- 
hypertensive effect of several vitamins m exper- 
imental renal hypertension (Fed Proc , 3 34, 
1944) More recently we assayed the possible anti- 
hypertensive activity of ntamm K in six dogs 
One animal received vitamin K m sesame oil 
(Menadione) in a dose of 30-60 mg daily by 
mouth for 3 months Four dogs were given vitamin 
K powder (Kappasm) mixed with food m a daily 
dose of 60 mg for six months The sixth dog re- 
ceived the latter dose intramuscularly in sesame 
oil for SIX months None of these ammals showed 
any sigmficant change in their hypertensions 
Our findings with vitamin K are at variance with 
those reported by Oppenheimer et al (J Mt 
Smai Hosp ,11 23, 1944) and Schwartz and 

Ziegler (Proc Soc Exp Biol and Med , 55 160, 
1944) for hypertensive rats Certainly our results 
do not warrant trial of this vitamin in the 
treatment of human hypertension as suggested by 
the latter [Aided hy grants from the John and Mary 
R Markle Foundation and the Graduate School Re- 
search Fund of the University of Illinois ] 

On the r6Ie of acetylcholine during nerve ac- 
tivity D NACHMAr.soHN From the Dept of 
Neurology, Columbia Un v , College of Physicians 
and Surgeons, New York, N Y Based on a new 
approach a new concept has been developed as to 
the rfile of acetylcholine during nerve activity 
This approach is based on the studv of the enzy mic 
mecliamsms involved and their correlation with 
events in the living cell recorded by physical 
methods The results obtained indicate that the 
release of acetylcholine is an intracellular process 
directly associated with the nerv c action potential 
Tliree essential features of the enzyme studies 
arc (1) the high potential rate of acetylcholine 


metabohsm in nerves indicated by the concentra- 
tion of chohnesterase, (2) the exclusive locahza- 
tion of chohnesterase at the neuronal surfaces 
where the bioelectric phenomena occur and (3) 
the specificity of the enzyme in all nerve tissue 
whether central or peripheral, afferent or efferent, 
vertebrate or invertebrate 

Acety Ichohne has been associated with the ac- 
tion potential in three ways (1) a direct correla- 
tion between voltage of the action potential and 
cholinesterase activity has been estabhshed on the 
electric organ The hne correlating the physical 
and chemical event passes through the 0 point 
indicating a genmne relationship, (2) adenosine 
triphosphate, the primary source of chemical 
energy released during nerve activity , is used for 
the synthesis of acety Ichohne This is consistent 
with the idea that release and removal of acetyl- 
chohne are respoiisible for the primary alterations 
of the nerve membrane during the passage of the 
impulse (3 ) antichohnesterasic compounds abohsh 
reversibly the action potential of the axon This 
supports the assumption that acetylcholine acts by 
depolarizing the membrane and that if its removal 
by chohnesterase is inhibited, a state of depolariza- 
tion persists 

A gradient of gastro-intestinal motility follow- 
ing hemorrhage H Necheles, L Walker (by 
invitation) and Wsi Olson (by invitation) Dept 
of Gastro- Intestinal Research, Research Inst of 
Michael Reese Hospital, Chicago, III Gastro-in- 
testinal motility was recorded in unanesthetised 
dogs with chrome fistulas and in dogs anesthetised 
with pentobarbital sodium, morphine barbiturate, 
or ether After a control penod, varyung amounts 
of blood were withdrawn Following small hemor- 
rhages, which did not affect blood pressure ma- 
terially, or following larger hemorrhages, which 
lowered blood pressure considerably, as well as 
during the penod in which blood pressure fell 
gradually towards zero, the following observations 
were made Motility of the colon increased in most 
expenments, notwithstanding whether local or 
general anesthesia was used The motility of the 
stomach, of the gastnc antrum and of the small 
intestines in most expenments either was not 
changed or was depressed, but there was stimula- 
tion of motility in a number of expenments, de- 
pending on the ty pe of anesthesia employ ed 

The response of the upper gastro intestinal tract, 

1 e stomach and duodenum, showed a decrease of 
motility in most expenments, the middle part of 
the gastro intestinal tract, the ileum, show ed little 
or no effect on motility , whereas in the lowest part 
of the tract, the colon, a persistent increase in 
motility was observed 

It IS believed that the stimulation of colonic 
motility bv hemorrhage is not due to the drop of 
svstcmic blood pressure, but cither to local vaso 
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constriction or to increased impulses from para- 
sympathetic nerves 

The cfTcct of air mocment on (ho loss of heat 
by evaporation, connection, and radiation from 
nude and clothed individuals N Ni nsoN* (by 
invitation), L W Eiciina’ (by invitation), W B 
SnELLEi’ (by invitation), and S M IIonvATil * 
Armored Medical Research Laboratory, Fori Knox, 
Ky (Read by title ) Three acclimatircd men mere 
studied calonmctrically vhile standing (nude or 
clothed) or marching (clothed only ) on a treadmill 
ina hot room vind tunnel The eflects of five nind 
veloeities, ranging from 30 to COO ft /min vero 
determined in each of seven hot environments m 
which the dry bulb air temperatures (vail tem- 
perature equal to air) varied from 00° to 120°F 
and the wet bulb temperatures from G0° to 91 °r 
Measurements included rectal, skin and clothing 
temperatures, o\ygcn consumption, evaporated 
and total sweat loss Analysis of data on totally 
wetted nude men (at least 10% sweat evap- 
orated) revealed that the relationship between air 
movement and evaporative heat loss from the 
totally wetted body could be described by the 
formula E/AP ± 1 4V‘’ ‘ w here E •= cv aporativ o 
heat loss. Cal /M’/Hr , AP t=> difference in vapor 
pressure of water at skin temperature and in room 
air, mm Hg , and V = wind velocity, ft per rmn 
A tendency toward a similar relationship between 
evaporation and wand velocity was found with 
clothed subjects when the clothing was fully 
wetted Heat transfer by convection and radiation, 
satisfactorily calculated only for the nude man in 
the 120°F environments, could be related to air 
flow in the following manner C -}- R/AT ± 5 G -{- 
0 53V* ' where C -E R = convective and radiant 
heat transfer. Cal /M=/Hr , AT = temperature 
difference between air and skin, °C ,and V = wind 
velocity, ft /min The value 6 6 represents the 
heat exchange by radiation between the subject 
and walls It agrees with values calculated in ac- 
cordance with accepted physical principles 

Determinations of cardiac output in the dog 
by the ballistic method J L Nickerson Dept 
of Physiology College of Physicians and Surgeons, 
Columbia Univ A critically-damped, ballistic sy's- 
tem (J L Nickerson and H J Curtis, Am J 
Physiol 142 1, 1944,J L Nickerson, Fed Proc 
4 : 202, 1945) has been constructed of a suitable 
size for work on the dog The movements of the 
ballistic system are recorded by optical means 

The values of the cardiac output from the ballis- 
tic method were computed by equations of the 
form found satisfactory in the work on humans 
Simultaneous determinations were also made with 
the Fick method employing right ventricular 

I Major, SnC, ATJS 

* Major, MC, AtJS 

• Captain, MC, AUS 


cathctonration Tlicsc studies were made on 
normal anesthetized dogs and on dogs in a vanety 
of sliocl -like conditions involving large changes in 
cardiac output Although the agreement between 
the Pick and the ballistic results from dog to dog 
18 only fair, the ngrecmont between the two meth- 
ods when cardiac oiilput changes in a single animal 
arc observed in considerably more accurate [Worh 
done under contract icith the Office of Scientific Re- 
search and Dcielopmcnt ) 

Intcrmittency of blood flow in peripheral fields 
PauI/ A Nicole and R L Wrnn (by invitation) 
Dept Physiol , Indiana Univ , Bloomington and 
Dept Anatomy, College of Medicine, Univ III , 
Chicago Intcrmittency of blood flow through local 
areas have been reported frequently The mechan- 
ism rcsjionsible, its mode of regulation and its 
functional significance arc vanously explained 
Most workers now agree that the true capillanes 
play only passive rolls and the flow patterns result 
from the activity of smooth muscle cells around the 
arterioles 

Study of intermittent flow in normal mammalian 
tissue, without the use of anesthesia or surgical 
procedures, is easily earned out in the expanded 
skin folds or wings of the bat (ilf luctfugus) The 
artenolcs hav c a single lay cr of circular type smooth 
muscle, each cell of which forms a tight spiral 
around the vessel Contraction of any individual 
spiraled cell has a sphintcnc action On the termi- 
nal artenolcs the space between the spiral cells 
increase and capillary branches usually possess 
only one such cell close to their origin Here they 
form the so-called prc-capillary sphincters It is 
the activity of these spiraled smooth muscle cells 
that determines flow patterns in the capillary beds 

The most frequent activity is a rhydhmical al- 
ternation of constnction and relaxation along entire 
net works How ever individual terminal arterioles 
and pre-capillary sphincters often exhibit complete 
independence m their cyclic behavior The more 
penpherally along the system one studies the be- 
havior of these spiraled cells, the more independent 
becomes their activity' 

Anoxia, carbon dioxide and liver glycogen L 
Nims, L L Langley (by invitation) and ^ ^ 
Clarke Laby of Physiology, Yale Untv Senoo 
of Medicine, New Haven, Conn Fasting rats, ex 
posed to atmospheres simulating altitudes fram 
16,000 to 30,000 feet for a period of 24 hours, show 
a rise in liver glycogen from 0 5 per cent (contro s 

to a maximum of 3 6 per cent Maximum accuniu 

tion of liver glycogen occurs at a simulated alti u e 

of 20,000 feet, lesser accumulations at higher an 
lower altitudes Accumulation of liver glycogeii is 
related to time of exposure to the high 
increasing progressively from 6 to 24 hours ss 
results might be explained as an effect o anoxi 
per se on the adrenal-hepatic mechamsm, or as a 
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effect of the reduction of body carbon dioxide by 
the attendant hyperventilation Addition of carbon 
dioxide to the rarefied atmospheres in amounts 
sufficient to jield partial pressures from 8 to 48 
mm Eg reduced the effect of high altitude on the 
adrenal-hepatic mechamsm At partial pressures of 
carbon dioxide from 30 to 46 mm Hg, glj cogen 
accumulation did not occur in sigmficant amounts 
It IS concluded that the effect of simulated high 
altitude , in producing liver glycogen accumulation, 
IS more nearly related to a loss of carbon dioxide, a 
result of anoxic hyperventilation, than to anoxia 
per se [WotI, done under a contract with the Office 
of Scientific Research and Development ] 

The effect of chloral hydrate on the gastric 
emptying time in man David W Noethot and 
Edwaed J Van Liere Dept of Physiology, West 
Virginia University School of Medicine It was 
previously shown by us (Journ Pharmacol and 
Exper Therap 37 142, 1941) that Sodium Amytal 
decreased the emptyung time of the stomach In 
the present study a different type of hypnotic, 
chloral hydrate, was admimstered just pnor to the 
ingestion of a standard test meal contaimng B&SOt 
Emptying time was determined fluoroscopically 
Twelve subjects were used, at least three control 
deterrmnations and three determinations following 
chloroal h> drate were made A haatemng of gastnc 
emptying was observed in eleven of the twelve 
subjects, statistically sigmficant in three cases 
It IS concluded that chloral hydrate in the dosage 
used (0 6 gm ) has a slight but defimte stimulating 
effect on gastnc emptying 
The influence of wine on gastric acidity Eric 
OoDBN Univ of Texas, School of Medicine, Galves- 
ton, Texas, and Frank D Southard, Jr , (by 
invitation) University of California Medical 
School Eight normal male students were studied 
while fasting and for 2i to 3 hours after taking soda 
crackers and 200 ml of test fluid The test fluids 
consisted of — distilled water, white table wine, 
14% ethanol solution, dealcoholised wine, and a 
solution of cream of tartar adjusted to approximate 
the pH and titratable acidity of the wine Free and 
total acidity were titrated on samples withdrawn 
at twenty-minute intervals, each test being re- 
peated twice on each subject 
After wine, both curves rose higher, achieved 
their peak later, and were prolonged, as compared 
With water After alcohol the curves resembled the 
Wine curv es in intensity and peak, but the acidities 
tended to nso and fall more rapidly than with wine, 
and an occasional extremely high acidity occurred 
The curves after acid or dealcoholised mno 
tended to rise little and to sustain the nsc for a 
long time In some mdividuals this rise began 
oarly , in others gastnc secretion appeared to bo 
completely repressed for an hour or more 
The effect of the acid or other effects rccogmzable 


in the curves for dealcoholised wine may account 
for the less violent but more sustained stimulation 
of gastnc secretion which wine gives in contrast to 
alcohol [Acknowledgment is made for help from the 
Dtmston of Fruits Products of the Vniv of Cali- 
fornia College of Agncullure and from the Wine 
Advisory Board ] 

Circulatory failure induced by partial cerebral 
ischemia David F Opdtke Dept of Physiology, 
Western Reserve Untv , Cleveland, Ohio Occlusion 
of the innominate and left subclavian artenes in the 
dog results in a partial cerebral ischemia which is 
accompamed byanimtial increase in total penph- 
eral resistance (TPR) and mean blood pressure 
but produces no symptoms of cerebral ischemia 
unless the central carotid pressure is reduced to 
30 mm Hg, or less In about half of the expen- 
ments TPR was maintained above the control level 
throughout the occlusion period This offered an 
opportumty to determine whether a prolonged 
period of increased TPR with normal blood pres- 
sure would produce circulatory failure as claimed 

The cephalic artenes were occluded and the 
blood pressure nse prevented by hemorrhage (1-2 
per cent of body weight) or by a blood pressure 
compensator The arterial clamps were removed 
after 1-3 hours, all withdrawn blood reinfused and 
the subsequent course of events observed The 
results fell into two groups Some dogs exhibited a 
progressive circulatory failure begmmng immedi- 
ately after occlusion These dogs failed to maintain 
the increased TPR and central carotid pressure was 
lower than in the following group The second 
group maintained the increased TPR and essen- 
tially normal blood pressure throughout the occlu- 
sion penod, but developed circulatory failure after 
release of the arterial clamps 

It IB concluded on the basis of the latter expen- 
ments that a prolonged increase of TPR with blood 
pressure remaimng normal will induce a subsequent 
circulatory failure which closely resembles that 
seen in hemorrhagic shock 

Performance as related to composition of alveo- 
lar air A Gns (by invitation), H Rahn.M Ep- 
stein (by invitation), and Vf 0 Fenn Dept of 
Physiology, School of Medicine and Dentistry, 
Unit of Rochester, Rochester, New York In order 
to determine the sejiarate and combined effects of 
anoxia and acapnia on performance and on heart 
rates, the Hecht Contrast Discnmination Test and 
a hand steadiness test were administered to in- 
divuduals whose ah eolar oxy gen and carbon dioxide 
were maintained at vanous desired tensions in a 
high altitude chamber The results are plotted on 
the pCO pO. diagram, and regions of vanous kinds 
and degrees of performance are indicated Acapnia 
and anoxiasppear to beaddilne rather thannntag- 
omstic in their effects on test scores, and per- 
formance impairment may be analyzed into anoxic 
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rabbits, following the oral administration of 0 6 
gm of pregnenolone, 1 6 mg of pregnandiol were 
isolated from the urine Small amounts of preg- 
nandiol iverc isolated from the bile and urine of a 
patient undergoing bile drainage following the 
oral administration of pregnenolone No pregneno- 
lone nor its metabolic products other than preg- 
nandiol could be isolated in any of these experi- 
ments 

The metabolism of pregnenolone will be 
discussed in connection with the demonstmtod 
biological conversion of progesterone to pregnandiol 
and of cholesterol to pregnandiol 

Reactions of the spinal cord to Inmincctomj 
T L Peele (by invitation), R A GnoAT and 
W F WiNDLE Dept of Anatomy, Duke Umv , 
Medical School and Inst of Ncurolopy, Norih~ 
western Umv Medical School, Chicago (Read by 
title ) Under nembutal, a 2S-mm length of spinal 
cord was exposed under exacting aseptic precau- 
tions in cats for 0 to CO minutes Conditions varied 
as follows normal heat and light and dura un- 
sutured, dura sutured, dura unopened, exposure 
in dark , exposed cord immersed m warm Ringer’s , 
tantalum plate closing bonj defect All ammals 
showed functional disturbances 24-30 hours later 
These were motor and sensorj Persistent spastic 
paraplegia occurred in some Animals wore sacri- 
ficed 1 to 60 days after operation Connective tissue 
overgrowth occurred at exposed site after 7 days 
Deforimty of the cord was noted in all Macro- 
Bcopical areas of softemng appeared in a few 
Evidence of hemorrhage sufficient to account for 
physiological disturbances was found in no animal 

Histopathology was present in all specimens 
In its mildest form the reaction consisted of peri- 
vascular lymphocytic infiltration and pavementmg 
of the lymphocytes in small veins as early as 3 days 
Further progression usually occurred, with graded 
pathology consisting of more intense infiltration, 
glial proliferation, transformation of lymphocytes 
into gitter cells, fiber degeneration, chromatolysis, 
softemng and cavitation Damage was predomi- 
nantly secondary, since it was many times greater 
than the possible primary damage to cells or fibers 
occurring as a direct result of the disturbances to 
which the cord had been subjected [IForil done 
under contract, sponsored by CMR, between OSRD 
and Northwestern Umv ] 

Further observations on effects of g forces V 
A Pertzoff (by invitation), S W Britton and 
R F Kline (by invitation) Physiological Laby , 
Umv of Virginia Medical School, Charlottesville 
Determinations of blood pressure and blood flow 
on exposure to high accelerations have been made 
on monkeys, dogs and other ammals Both head 
and foot ends of ammals (carotid, brachial, femora] 
arteries) were studied under vanous forces Com- 
parison of pressure changes was made with a hydro- 


d>namic model on the centrifuge under similar 
experimental conditions 
The protective influence of various devices, 
injected materials, etc , was studied Extended 
observations were also made on E E G changes 
under different conditions [This tcorl was done 
under a contract with the Office of Scientific Re- 
search and Dciclopmcnt ] 

The Bcnsitirnlion of the myocardium to sym- 
pathetic stimulation during acute DDT intoxica- 
tion in animals. rnEDEiucK S PniLiPs* (by in- 
vitation), Aifrfd Giiviav,* and Frederick 
Cri sciTf ixi (bj invitation) Pharmacology Sec- 
tion, Medical Diiision, Chemical Warfare Service, 
Ldgewood Arsenal, Md Following the intravenous 
administration of Ictlial, convulsant doses of DDT 
(peanut oil solutions emulsified in isotonic saline 
containing lecithin) a small percentage of rabbits 
and cats and most dogs succumb as the result of 
ventricular fibrillation In dogs death from ventn- 
cular fibrillation occurs during the first convulsive 
episode Inasmuch ns DDT is a chlorinated hydro- 
carbon, a type of compound which can sensitize 
the myocardium to cpincphnne or sympathin and 
since sy mpathctic discharge is a prominent feature 
of DDT-induccd convulsions, it became apparent 
that sudden death dunng acute intoxication might 
result from fibrillation of a sensitized heart sub- 
jected to excessive sympathetic stimulation 
Ventricular fibniintion was induced in 8 of 11 
anesthetized dogs (phcnobarbital) 30 to 60 minutes 
after the intravenous adrmmstration of 76 to 100 
mg /kg of DDT by the intravenous injection of 
0 01 (5), 0 015 (1), 0 02 (1), or 0 04 mg Ag (0 
of epinephrine Furthermore, in curanzed monkeys 
and dogs, which bad received 75 to 100 mg Ag 
of DDT intravenously, convulsive seizures, as 
evidenced by increased spontaneous electrical 
activity of the brain, imtiated cardiac arrhythmias 
or ventricular fibrillation 
It IS thus apparent that DDT not only sensitizes 
the myocardium in a manner sinular to other 
chlorinated hydrocarbons but also as a result of its 
central convulsant action causes the sympathetic 
discharge necessary for inducing fibrillation 
Duration of renal ischemia required in dogs 
to produce damage of lethal degree ’ 

R A* AND P B Hamilton (by invitation) 

U S Navy Research Unit at the Hospital of T e 
Rockefeller Inst for Medical Research, New Yor ‘ 
The following procedure was applied with aseptic 
precautions under pentobarbital anesthesia to a 
senes of female dogs Through a mid-hne abdonuna 
incision the right kidney was excised The le 

» iBt Lt , Sn-C , A TT S 

* Major, Sn C , A U S . 

» The Bureau of Medicine and Surgery does not necess^y 
undertake to endorse views or opinions which are expresse 
this paper 
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kidney "was mobilized by dividing between ties 
the parietal peritoneum and the accompanying 
capsular vessels about one inch from kidney The 
renal artery was dissected free down to its ongin 
from the aorta and its lumen was obliterated for 
varying periods of time with the aid of two serre- 
fines When renal ischemia was produced for more 
than 60 minutes the abdominal incision was closed 
with layered sutures during this period Eollowing 
the removal of the serrefines the abdominal in- 
cision was closed with layered silk sutures 
Of the 12 dogs subjected to renal ischemia for 1 
or 2 hours all survived for over one month, of 6 
doge subjected to renal ischenua for 3 hours one 
died on the fourth post-operative day This ammal 
had an abscess contaimng over a bter of B colt 
infected pus in the abdominal cavity The remain- 
ing 5 dogs survived for over one month 
Of 6 dogs subjected to renal ischemia for 4 hours, 
3 hved for over one month and 3 died The 3 dogs 
that died survived 4 days, 4 days and 10 days, and 
the blood urea mtrogens were respectively 157, 
182 and 320mg /lOO cc at death 
Thus it would appear that renal ischemia for 
over 3 hours is necessary before the damage to the 
kidney is sufficient to produce a renal death 
llFork done under contract unth the Office of Scien- 
tific Research and Development ] 
k comparative study of androgen and 17- 
ketosteroid excretion In men Ghegort Pircos, 
ZiBEH Hadidian akd Mabt Yeaton (by invita- 
tion) Worcester Foundation for Experimental 
Biology, Shrewsbury, flfoss , and the Memorial 
Foundation for Neuro-Endocnne Research, Wor- 
cester, Mass Simultaneous measurement has been 
made of the 17-ket08teroid content and androgemc 
activity of the neutral ketomc fraction of the urines 
of men of various ages The androgemc activity, 
hke the 17-ketosteroid titer, vanes diurnally, 
being minimal in unnes excreted during sleep and 
maxinial in the mormng hours 
Androgemc activity dechnes with increasing 
age whereas the 17-ketosteroid output level tends 
to bo maintained at least through the 6th decade 
in normal healthy men 

The androgemc activity of the non-ketomo 
neutral fraction of men's unne tends to be in 
fairly constant ratio to the activity in the neutral 
ketomc fractions, varying from 3% to 10% of the 
ketomc androgen 

Similar studieB of psychotic men reveal a rela- 
tively low androgen output declimng notably with 
sge, accompanied by a decbmng 17-ketosteroid 
output I 

The sigmGcancc of these findings as indices of 
adrenal and testis steroid production will bo dis- 
cussed 

The relationship between measures of night 
vision and dark adaptation Erxest A Pixsos 


AND A Chapanis (by invitation) Aero Medical 
Laby , Atr Technical Service Command, Wnght 
Field, Dayton, Ohio The necessity for evaluating 
mght Vision during the war raised certain funda- 
mental questions regarding the best means of 
accomplishing such evaluation The phy Biology of 
dark adaptation had been adequately investigated, 
but little had been done to relate measures of dark 
adaptation to form perception at illumination levels 
encountered outdoors at mght Inv estigations were 
undertaken to deterrmne the correlation between 
light perception thresholds and visual performance 
as measured by perception of forms of different 
sizes at illumination levels such as occur at mght 
The light range at which form perception measure- 
ments were made vaned from 3 6 microlamberts 
to 0 008 microlamberts The form size was vaned 
as necessitated by the lUmmnation level and ranged 
from a standard character (Landolt nng) the 
mammum diameter of which subtended a visual 
angle of § degree (reqmsing visual acmty of 
20/120) to one subtending a 2 ° visual angle 

Results on 33 subjects show that there is no 
correlation between hght perception threshold 
mesBurements and form perception over the illum- 
ination range studied In correlations of form per- 
ception there appears to be a dividing hne at an 
illumination level of approximately 0 5 micro- 
lamberts Correlations above or below this 
illumination level are very good, but correlations 
across this level are less good These data can be 
explained by the fact that both rods and cones may 
function above this level, whereas only rods func- 
tion below this level This information was used in 
the design of mght vision testers for the Army 
Air Forces 

Factors determimng pH and titratable acid 
of the urine R F Pitts and W D Lotspeich 
(by invitation) Dept Physiology, Cornell Untv 
Medical College New York, N Y (Read by title ) 
Unne pH in the dog vanes between limits of 4 8 
m acidosis and 8 0 in alkalosis The titratable acid 
of the unne vanes from the eqmvalcnt of 6,000 
cc of N/10 acid per day in acidosis to negative 
values in alkalosis The major factors which deter- 
mine the pH and titratable acidity of the unne 
follow (1) the plasma concentration of bicarbon- 
ate, (2) the buffer content of the unne, and (3) 
the strength of the buffer acid excreted 

Above the threshold for frank excretion (25 
to 30 mM BHCOj/L of plasma) the quantity of 
BHCOi excreted per 100 cc of glomerular filtrate 
increases in linear proportion to plasma concentra- 
tion to plasma concentration The unne becomes 
increasingly alkaline to a maximum observed pH 
of 7 96 when the unne contains Large quantities 
of BHCO, (up to 200 mhl /L ) Below the BHCO, 
threshold, essentially all BHCOj is reabsorbed and 
the unne may be as acid as pH 4 S In the absence 
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of excretion of fixed bulTer ncids, however, the 
titrntable ncidify of the urine is iicrIiriIiIc 

In acidosis the rate of excretion of tit ratable acid 
v'aries in proportion to the rate of excretion of 
buffer, increasing to an observed inaxiinuni of 
6,000 cc of N/10 acid per daj , when as niueh ns 
1 4 iiiols of phosphate are excreted per daj litrat- 
ablc acid in contrast vanes invcrselj with the 
strength of tlie buffer acid excreted [Aided by n 
grant f Tom the John and Mary Marllc I'oundalwn ] 

The renal excretion and reabsorption of bi- 
carbonate R F Pirrs and W D Lotsiu icii 
(by invitation) Dept oj Phynology, Cornell Umv 
Mcdxeal College New York, N I’ The renal excre- 
tion and reabsorption of bicarbonate has been 
studied in 21 experiments on five triincd female 
dogs whose plasma concentrations of bicarlionate 
were v’aried from 10 to 70 mM /L Bitarlxmnlc in 
plasma and urine was calculated from COj content 
(Van Slyke method) and pH (condenser tj pc glass 
electrode) bj the Henderson Hasselbalch equation 
Glomcrcular filtration rate was assessed bj the 
creatinine clearance Plasma bicarbonate was 
reduced by the oral administration of ammonium 
chloride for several dajs prior to the cxpcnnicnt 
Plasma bicarbonate was elevated bj infusion of 
sodium bicarbonate solutions 

At plasma bicarbonate concentrations below 20 
mM /L essentially all of the bicarbonate filtered 
through the glomeruli was reabsorbed by the renal 
tubules (99% plus) At plasma bicarbonate concen- 
trations above 30 mM /L frank excretion of bi- 
carbonate occurred, and the rate of tubular reab- 
sorption of bicarbonate in mM /mm was es- 
sentially independent of plasma concentration, 
averaging 2 5 mM /lOO cc of glomerular filtrate 
[Aided by a grant from the John and Mary Marble 
Foundation ] 

Motion picture demonstration of the neurologic 
and reflex status of the human with completely 
divided spinal cord J Lawrence Pool and E 
ScARFF (Introduced by Fred A Mettler) Dept 
of Neurology, College of Physicians d. Surgeons, 
Columbia Univ , N Y C Moving pictures demon- 
strate the type and severity of mass involuntary 
contractions, and tendon and plantar reflexes in 
patients having proven complete transection of the 
spinal cord for 6 to 18 months One patient is 
shown during a “spinal cord convulsion” Others 
are showm before and after surgical lysis of the 
scarred distal stump of the traumatically divided 
spinal cord, and one case is shown before and after 
bilateral cordotomy of the dorsal columns at DIO 
and D12 (for alleviation of severe flexor spasms of 
the lower extrermties) Finally photographs of an 
operation are presented which demonstrate that 
mass flexor spasms below the level of the cord 
transaction may be elicited (a) by gentle traction 
on the scarred adherent tip of the distal stump of 
the spinal cord , and (b) by electrical stimulation 


of (Ii(> dorsal columns below the level of the 
(rnnscction 

Adverse Infliicnct of increased oxjgen pressure 
on mnlnrinl pnrnsiles In vitro and in vivo RiciunD 
J PouTi It (b> invitation) and John W Bfax 
Depts of Tropical Diicaics and Physiology, Univ 
of Michigan, Ann Arbor, Michigan Previous 
studies (this journal 4 p C, 1915) showed rcduc 
tion in vmbililj of Plasmodium lophurac in blood 
cquilibratcfl with oxygen at elevated pressures 
The presfiit investigation confirms and extends 
these observations 

Ry means of cluck inoculation, the viability of 
parisitcs in duck or cluck bloods exposed tooxjgcn 
at various pressures was compared with that in 
control bloods Icpt under room conditions Ex- 
posure to oxygen for six liours reduced parasite 
V inbibty markedly (SO per cent or more below that 
of controls) at 30 to 60 lb gauge but not appreciably 
at 15 lb Exposure for 12 hours gave moderate 
reduction at 15 lb but no reduction at atmosphenc 
pressure 

Previous in iiio studies revealed no detectable 
effect on the projxirtionof parasitized erythrocytes 
in infected chicks given repented short exposures 
to oxygen at 50 and 90 lb gauge Because of the 
toxicity of these pressures, the present studies 
have utilized pressures below 15 lb Six to eleven 
chicks were treated in each of six expenments 
Infected chicks w ere kept five or six day s in oxygen 
at atmospheric pressure continuously (except one- 
half hour daily for feeding) or at 300 to 500 mm 
mercury gauge for about ten hours a day At the 
peak of infection, the proportion of parasitized 
erythrocytes in test birds was 64 to 86 per cent 
lower than that in controls 

The date indicate that increased oxygen pressure 
enhances the destruction of Plasmodium lophurae 
in drawn blood and suppresses the parasitemia m 
infected birds done in part under contract 

with the Office of Scientific Research and Develop- 
ment ] 

The pressure-volume diagram of the thorax 
and lung H Hahn, A Oris (by invitation), 
AND W 0 Fenn Dept of Physiology, School of 
Medicine and Dentistry, Univ of Rochester, Roc 
ester. New York This diagram relates the 
maximum voluntary inspiratory or expira ory 
pulmonary pressure, P, as well as the relaxa lon 
pressure of the chest, Pr, (as abscissae) to various 
lung volumes (as ordinates) The difference e 
tween P and Pr represents the maximal inspire or 
or expiratory muscle forces. Pm, at ^ 

lung volume Thus Pm = P — Pr Changes m 
level of the tidal and residual air withpressur 
breathing can be plotted on this diagram as we 
changes in the maximum positive and nega iv^ 
pressures that can be voluntarily exerte a 

altitud" , , 

The relaxation pressure is the resultant o 
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major components winch oppose each other at 
most lung volumes, the positive lung elasticity, 
PI, and the negative “chest” elasticity (including 
the diaphragm etc ), Pc Thus Pr = PI + Pc 
Pr can be altered by posture From Pr and the 
simultaneous change in peripheral venous pressure 
between two different lung volumes the change in 
PI can be computed 

The elastic work of breathing at ambient pres- 
sure can be deterrmned from the slope of the relaxa- 
tion pressure curve (70 cc/cm HjO) If the tidal 
volume, T, is expressed in cm’ the work (gm cm) 
IS equal to T*/140 A formula to include the viscous 
work has been denved The work so calculated at 
different rates of breathing parallels the total 
energy expenditure as deternuned by Liljestrand 
(1918) The efficiency of the work of breathing is 
about 5 per cent (Tl''orI. done under contract with 
the Office of Scientific Research and Development ] 

Clinical gonadotropic therapy complicated by 
antihormone formation A E Rakoff (by invita- 
tion) and J H Lbathem Jefferson Medical College 
and Hospital and Rutgers Umv The formation of 
antihormones against eqmne gonadotropin in the 
human is known and the availability of other 
gonadotropins for chmcal use warrants similar 
tests In this investigation a combination of sheep 
anterior pitmtary extract and choriomc gonado- 
tropin (Synapoidm) was studied in 25 patients 
This hormone was admimstered in the treatment 
of sterility, amenorrhea or functional bleeding In 
general, the goadotropins were injected in 1 cc 
(15 rat synergy umts) amounts 3 times weekly for 
the first 2 weeks of each cycle The presence of 
antihormones against synapoidm was estimated 
b> the ability of the patient’s serum to inhibit, 
in rats, the ovanan stimulating action of a umform 
dose of hormone Normal serum does not have an 
inhibitory action Furthermore, the sera from 22 
patients treated for 2 to 5 months failed to reveal 
the presence of antihormones In 3 cases, however, 
which were treated for functional bleeding for 
more than 6 months the presence of antihormonos 
could be correlated with the chmcal response, 
that 18 , the failure of the patient to continue to 
respond to therapy coincided with the time at 
which antihormones were detectable 

The effect of calcium pantothenate on survival 
in adrenalectomized rats Elaine P Ralli 
Dcpl of Medicine New York Univ College of 
Medicine At 30 days of age black rats were placed 
on diets deficient m the filtrate factors of \utamin 
fi After 30 days on the diet they were adrcnal- 
cctomized and were then treated as follon-s Group 
1| 105 rats were continued on the deficient diet. 
Group 2, 119 rats received the deficient diet but 
Were injected daily with either (a) adrenal cortical 
extract or (b) desoxy corticosterone acetate , Group 
V'S rats received the diet supplemented mth 
^Icium pantothenate All 3 groups received a 1% 


solution of NaCl ad hb Groups 4, 5, 6, 86 rats, were 
treated in a similar maimer as to diet and hormone 
therapy but were given no NaCl solution after 
adrenalectomy Survival for the groups was 
Group 1, 11 9 days ±5 4, Group 23, 16 days ± 
7 2, Group 2b, 16 days ±6 8, Group 3 receiving 
calcium pentothenate survived much longer , 85% 
survived 50 days, 57% survived 100 days, 41% 
survived 150 days, 28% survived 200 day s and 12% 
survived 250 days The survival in the groups re- 
ceiving no salt was , Group 4, 6 days ±2 5, group 
5, 11 days ±5, group 6 (calcium pantothenate) 

5 6 days ±03 Besides autopsies the completeness 
of adrenalectomy was tested in group 3 by depriv- 
ing 17 rats of NaCl after varying penods on the 
diet These all lost weight and died In conjunction 
with NaCl, calcium pantothenate is essential for 
survival in adrenalectomized rats Hormone 
therapy does not result in prolonged survival if 
either substance is lacking in the diet 
Determination of the circulating cell volume 
by a partial washout method Antonio Ramirez 
AND Dina B Rappaport (introduced by Hampden 
Lawson) Dept of Physiology, Untv of Louisville 
School of Medicine, Louisville Blood was drawn 
from splenectomized barbitahzed dogs by free 
artenal bleeding in umt volumes of 10 cc Ae , 
and immediately replaced with an equal volume 
of either saline or gelatin solution This procedure 
was repeated at intervals of 3 minutes until death 
occurred, or until 6 to 12 replacements had been 
made The volume of cells obtained in each bleed- 
ing -was determined by centnfugahzation The 
volumes were found to decline exponentially, 
death usually occurring when the hematocrit in 
drawn blood had fallen to some value in the neigh- 
borhood of 5% Pfasnia volume was determined as 
the dilution volume of the dye T-1824 at the be- 
ginmng of each experiment Except for the pre- 
liminary studies, the washout was usually 
terminated before death, to permit redetermination 
of plasma volume Total circulating blood volume 
was assumed to have remained constant through 
the washout when the plasma volume at the end 
exceeded the imtial plasma volume by an amount 
equal to the v olume of cells drawn In such expen- 
ments the total cell volume was calculated as the 
sum of an infimte declimng geometrical senes, 
using the conventional formulas Where evidence 
was obtained for a change in the total circulating 
blood volume, it was necessary to make a small 
correction in the slope of the senes The volume of 
cells determined in this way was from 70 to %% 
of the volume estimated at the beginning of the 
washout from the plasma volume and the hemato- 
crit in draw n blood 

Some local processes concerned In the genesis 
of traumatic shock RonnirrY RvMSEV,‘TEnpi\c 

• Prc*irnt addrrsj— Dcpjrtmcnt ot Ph^-^^oloEJ aid Pha-nia 
coloty. Medical CoUecc o' Vliinja Hi-hmond 
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AoLrn (bj' invitation) Dept of Phyiiology, 
School of Mcdxctnc and Dcnh’tlry, Univ of 
Rochester, Rochester, New York A niUBcle or 
muscle group of one hind limb of n rnt nns crushed 
^vlth forceps under aneslhesm Twenty-four hours 
later, five to nine muscle groups from both the 
experimental and the control hind limb were 
dissected and separatelj weighed and their per 
cent dry weight determined These figures can be 
used to calculate the ratio of the excess water 
moved into a muscle on the experinienlal side as 
compared to its corresponding muscle on the con- 
trol side 

With the above and other (Lata it was established 
that a crushed muscle swells and then liberates an 
exudate, the composition of which is similar to a 
dilute plasma solution containing some hemoglobin 
This exudate by dilTerentinl pressure spreads up 
and down the fascial plane associated with the 
traumatized muscle In so doing it causes marked 
secondary swelling or wotting of uninjured muscle, 
skin, and connective tissue, which is in functional 
relationship with this fascial plane Anj tissue 
which 18 not in the same fascial plane is quite un- 
affected 

If an artificial exudate (dilute, plasma) in quan- 
tity and protein content equal to that exuded bj a 
crushed muscle is injected into the corresponding 
fascial plane of a normal animal, the same order, 
magmtude, and time of appearance of wetting of 
the various muscle groups develops, that would 
have developed if the appropriate muscle had been 
traumatized 

It is concluded that no toxic factor in the ordi- 
nary sense of the word, is involved in the initial 
(24 hours) swelling of a traumatized limb (ITorl, 
done under contract, sponsored by CMR, between 
0 S R D and the Umv of Rochester ] 

Enumeration of functional sweat glands in the 
human Waitter C Randall St Paul Umv 
School of Medicine A simplified starch-iodine 
test has been devised which permits precise enu- 
meration of active sweat glands as well as demarka- 
tion of sweating and non-sweating areas The 
method eliimnates the necessity of starch powders 
and requires no apparatus except iodine and 
white paper contaimng minute amounts of starch 
A dilute solution of iodine (3%) is painted over 
the test area and allowed to dry A blank piece of 
paper is then pressed lightly over the area for 20 
to 30 seconds It is desirable to use a paper with 
smooth, hard fimsh to prevent diffusion of the 
record With the paper in place, water secreted 
from the sweat pore places the lochne and starch 
(in the paper) in solution thereby producing a 
defimte blue-black spot on the paper Records 
thus produced are clear and sharp and well adapted 
to studies of general patterns of sweat gland 


aclivifj o\cr the l>od> surface, the number of 
glands participating under varjing phjsiological 
conditions, and the character of sweat responses 
following denervation or pathologj 
Using (his terhniquen comparison of the number 
of glands involved in sweating under different 
sudorific stimulation was made From theoretical 
considerat ions cholinergic drugs might be expected 
to produce maximal stimulation of the sweat 
glands Expcrimcntall>,rolntivclj extreme thermal 
stimulation provided bj hot tub bath was required 
to activate as manj glands on the forearm as was 
obtained bj acetjl-bcta-methjlcholine 
The metabolism of the Kidney in experimental 
renal hjpertension SiowinB Raska (introduced 
by Charles 0 ^Vnrrcn) Dept of Pharmacology, 
Cornell Umv Medical College, New Yorl , N Y 
A direct relationship appears to exist between 
the oxidative power of the kidney and the formation 
of hy Intensive substances This relationship is 
indicated by 1) the increased concentration and 
increased activity of various respiratory' enzymes 
in the remaining kidney of unilaterally nephrecto- 
mized dogs compared to the activity of the same 
respiratory enzyme systems of the excised kidney 
of the same animal or of normal kidneys of normal 
dogs There is a similar increase in the activity 
of oxidative enzymes in the uninjured kidney of 
dogs in which the function of one kidney has been 
modified by silk perinephritis or partial con- 
striction of its renal artery In the latter there is a 
decreased activity of the oxidative biocatalysts 
(Raska, S B , J Exp Med , 1946, 82 227) 2) 
Extracts prepared from the remaimng kidney of 
dogs or rabbits one week to three months after 
umlatcral nephrectomy were more effective m 
lowering the blood pressure of hypertensive 
rabbits and rats when given parenterally than 
extracts prepared by' the same method from the 
excised kidney of the same ammal or from normal 
kidneys of normal dogs or rabbits Similar results 
were obtained with extracts of the umnjured 
kidney of dogs when the function of the opposite 
kidney was altered by wrapping in silk or partia 
constriction of its renal artery 
It was found that the increase in hypotensive 
activity of these extracts was largely due to an 
increase of a dialyzable blood pressure lowering 
fraction Hypotensive substances of renal origin 
are probably' the products of oxidative processes 
They are formed in increased amounts m ® 
compensating kidney ^ 

A method for determining reduction time o 
cutaneous blood, and its significance m rela ion 
to certain physiological changes Louise H ^ 
(by invitation), George B Rat (deceased) and 
J Raymond Johnson Dept of Physiology, Long 
Island College of Medicine, Brooklyn, N ^ 
simple method has been developed for measure 



AMERICAN PHYSIOLOGICAL SOCIETY 


85 


menfc of the time required for a standard change 
in the spectrum of superficial blood after sudden 
occlusion of the circulation This time is called the 
reduction time The apparatus is compact and the 
procedure techmcally easy Observations may be 
made in the field, at the bedside, or under a vanety 
of other conditions 

Reduction time is not a simple value, but a 
function of several variables Alveolar oxygen 
tension, systoho and diastohc blood pressures, 
basal metaboho rate and activity of the autonomic 
nervous system all affect reduction time 
Changes m reduction time also occur with stress 
Thus, such a mild form of bodily strain as breath- 
holding causes, in the normal subject, a marked 
decrease in reduction time This change after 
breath-holding has been found to be a sensitive 
index of the condition of a subject 
A senes of test-retest experiments was performed 
on forty-one medical students under controlled 
conditions The correlation coefficient between the 
results of the first and second teste was 0 81 
{IForl, done under contract mth the Office of Scten- 
hfic Research and Development ] 

In vitro examination of synovial dynamics with 
a needle electrode C I Reed and Norman 
R Joseph (by invitation) Dept of Phystology, 
Umv of nitnois, Chicago Colleges By means 
of needle reference electrodes, previously descnbed 
(Joseph and Homburger, Fed Proo 4 38, 1945), 
it has been possible to measure pH simultaneously 
in the femoral vein and in the synovial cavities 
of both knees of anesthetized dogs Experimental 
procedures included injection of substances into 
the blood stream, tetamzation of the femoral 
nerve, passive motion, massage, injection of sub- 
stances into the synovial cavity The pH changes 
were used merely as an indicator of the responses 
of the synovial tissues to physiological influences 
X-ray diffraction studies on bones C I Reed 
and B P Reed (by invitation) Dept of Physio- 
logy Vntv of Illinois, Chicago Colleges (Read 
by title ) In a previous report on x ray diffraction 
studies on bones of rachitic rats, it was concluded 
that vitamin D alone, when added to the rachito- 
gomo diet, could correct the disturbance of the 
crystal pattern of the apatite in the bones Since 
the diet used was deficient in other respects, the 
experiment was repeated with completely syn- 
thetic diets The results confirm the earher con- 
clusion that vitamin D alone can correct for a 
variety of dietary deficiencies which are capable 
of disorienting crystal structure in bone 
Evidence that the major portion of the gastric 
potential originates between the snbmucosa and 
mucosa 'WAiinEv S Rehm Dept of Phystology, 
Cntv of Louisville School of Medicine, Louisville, 
Ly In dogs anesthetized with amjtal, non- 
polanrablc electrodes were placed opposite each 


other on the serosal and mucosal surfaces of the 
stomach In previous studies (Am J Physiol , 
140 720, 1944) it was found t^t ethyl alcohol 
or ether when apphed to the mucosa resulted in a 
marked decrease in the potential difference across 
the stomach In the present studies it was found 
that there was no change in the potential difference 
when these same agents were applied to the serosal 
surface These findings indicate that the potential 
probably originates somewhere in the mucosa 
Further evidence on this point was obtained by 
placing an electrode in the submucosa An incision 
was made through the outer muscular layers and a 
glass capillary containing Ringer’s solution was 
inserted into the submucosa for several centimeters 
parallel to the surface of the stomach The capillary 
was connected to a non-polanzable electrode and 
mucosal electrodes were placed on the stomach 
opjxisite the opemng of the capillary The potential 
difference between the submucosal and the mucosa] 
electrodes was found to be essentially the same as 
that between the serosal and mucosal electrodes 
The potential difference between the submucosal 
and serosal electrodes was only a few millivolts 
The effect of histamine and thiocyanate on the 
potential differences between the three electrodes 
was studied It was found that changes in the 
potential difference between the submucosal and 
mucosal electrodes closely jjaralleled those between 
the serosal and mucosal electrodes 
Calculation of the arterial uptake and stroke 
volume from the pressure pulse contour John 
W Remington and W F Hamilton Dept of 
Physiology, Umv of Georgia School of Medicine, 
Augusta, Georgia The mam arterial branches of 
five dogs were clamped, and pressure pulses re- 
corded after intra aortic injections of known 
volumes of saline The ascending branches were 
opened and the expenment rejieated The uptake 
and drainage of the two systems were calculated 
from injected volumes and pressure pulses Similar 
data were obtained for arteries supplying the 
viscera, and the hind legs The systolic uptake of 
the dog aorta is only 45% of that of the whole arte- 
rial tree The artenes arising from the arch take up 
33%, visceral artenes 9%, and those to the hind 
legs the remainder From volume pressure curves 
for pcnpheral artenes, the uptake of the three 
penpheral beds was estimated at different diastolic 
and pulse pressures Pressures obtaimng in each 
bed at the end of systole were determined by 
measunng back on the aortic root pressure pulse 
contour from the incisura, employing pulse wave 
transmission times Using the pressure nsc from 
diastohc to that obtained at the end of systole, the 
total nrtcnal uptake was measured as the sum of 
the uptakes of the separate beds Drainage was 
estimated and partitioned between systole and 
diastole on the basis of pressure time areas Sy stolic 
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uptake plus drninngo should equal the stroke 
volume Stroke volumes derned from pulse con- 
tours are being compared vith (hose found bj the 
injection method The agreement, at jirescnt, is 
encouraging 

Influence of (he >nsculnr bed on the pattern 
of oxjgcn tension in the cerebral cortex Antoim 
R£mond (by invitation), P W Da\/is (bj 
invitation) and D ^Y Bhonk Johnson Founda- 
tion, Untv of Pcnnsyhantn, Philadelphia When 
one traverses the cat cortex vith the owgcn 
electrode described bj Davies and Brink, one 
encounters gradients of oxygen concentration 
corresponding to the pattern of (ho xascular bed 
The tension varies botveen 100 mm Ilg (arterial 
blood) and a value near roro The high value of 
cortical metabolism is evidenced bj the fact that 
the oxj'gcn tension gonorally falls to half this value 
at from 15 to 30 microns from an arteriole One 
cannot speak of an " 0 x 3 gen tension of the cortex”, 
for each region has its special value 

The value of the tension of arterial blood rises 
from 100 to 700 mm when 0 x 3 gen is breathed in- 
stead of air (000% increase) In v ciiis it rises from 
40 to 50 mm (20% increase) S 3 stcmatic measure- 
ment of this increase in the cerebral vessels shows 
that those venules coming from deeper la 3 ers, 
which have a gain of 20 to 30%, contain blood w Inch 
has been fully unloaded The superficial venules 
on the other hand behave as if the 3 ' contain ns 
much as 70% arterial blood 

This can be explained 1 ) 63 the marked dilatation 
of the superficial vessels which appears after 
resection of the dura The blood passing more 
rapidly through these vessels loses less 0 x 3 gen, 
2 ) by the possible differences in the metabolism 
of the regions traversed 

These facts permit one to make a functional 
classification of the vessels based on their ox 3 gen 
content, contrasting with the usual anatomical 
classification 

Interaction of nerve impulses in the gra> 
matter as a mechanism in central inhibition 
Birdset Renshavv Laby of The Rockefeller 
Inst for Medical Research, New York City, and 
Oberhn College, Oberlin, Ohio Motoneurons suppl 3 '’- 
ing the quadriceps muscle in anesthetized cats 
discharge 1 0-1 1 msec after a sixth lumbar dorsal 
root (LsDR) volle 3 ’' arrives at the spinal cord 
Detectable inhibition of the discharge is apparent 
if an L7DR volley arrives at the cord 1 0-1 1 
msec before the motoneurons discharge Both 
intervals are briefer by ca 0 3 msec if estimated 
from the time of arrival of the dorsal root impulses 
in the vicinity of the quadriceps motor nucleus 
The inhibition rapidly increases to become com- 
plete as the interval at which the L7DR volley 
precedes the LeDR volley increases 

The potential changes recorded in the motor 


nucleus during the S 3 nai)tic delay associated with 
(he excitation of the motoneurons by an LjDR 
volley are inodificd 113 a simultaneously arriving or 
slightlv aiitercdcnt I/ 7 DR V 0 II 03 This finding 
suggests the interpretation that dunng the 83 'nap 
tic delay interaction occurs between impulses in 
the tcrmiii'il branches of the two groups of dorsal 
root fibers 

A strong presumption that at least part of the 
interaction is in fact between the two groups 
of premotor fibers, and that this interaction 
underlies the “direct” inhibition of the quadriceps 
inolonciirons by an JyDR volley , is created by the 
finding that the responsiveness of the motoneurons 
ns tested by the sire of their antidromically evoked 
somatic action potential is not altered at intervals 
followingan I^-DR volley at which the reflex motor 
discharge evoked by an L»DR volley is virtually 
abolished 

The bulbnr Inhibitory mechanism In concussion 
R Riiisib (by invitation), II W Magoun and 
W F WiNDLi Dept of Anatomy and Inst of 
Neurology, I^orthweslern Untv Medical School, 
Chicago (Read by title ) The widespread involve- 
ment of reflexes in experimental cerebral concus- 
sion can be attributed to altcmtions in individual 
reflux arcs or to nltcmtion of a common bram 
mechanism influencing reflex activity (Denny- 
Brown and Russell, 1911) The recent demonstra- 
tion of a bulbar inhibitory mechanism with such 
potentialities (Mngoun and Rhines, 1945), led 
to its examination in concussion 

In an examination of the patellar reflex in con- 
cussion in the anesthetized cat, some motor dis- 
charge occurred at the blow and a brief impairment 
of the reflex was followed by a pronounced and 
longer lasting by perrcflexia before return to 
normal A reversible depression of the excitabihty 
of the bulbar inhibitory mechamsm in general 
paralleled this reflex augmentation, suggesting 
that release from bulbar inhibition may have been 
a factor in its production [TForA. done tinder con- 
tract, sponsored by CMR, between OSRD an 


Northwestern Untv ] 

Inhibition of procaine induced convulsions Y 
its split products R K Richards, M D , Pop 
of Pharmacology Abbott Labys , N Chicago, 

The bacteriostatic action of sulfonamides is id 
lubited by the presence of paraminobenzoic aci 
(P A B A ) While the exact mechamsm of ttas 
effect IS still disputed, there is evidence for ® 
competitive nature of this antagomsm It a so 

been established that compounds, particular y^oM 

anesthetics, which are derived from PA > 
have a similar inhibiting effect upon sulfonanu es 
The purpose of our investigation was to 
whether the convulsive action of procaine, ein 
a P A B A derivative, can be inhibited oy 


P A B A itself 
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100 mg /kg of procaine HCl given i m to guinea 
pigs produced nonfatal convulsions in approvi- 
laately 85% If this mjection was preceded by 
I P admimstration of 400 to 600 mg /kg P A B A 
as sodium salt, convulsions were reduced to 56% 
and 13% respectively Use of other P A B A 
denvatives showed specific relations between their 
structure and the degree of protective action 
exerted It was also found that the other part of the 
procaine molecule, diethylaminoethanol (D E 
A E ) m a dose of 400 mg /kg (as the hydro- 
chloride) reduced procaine convulsions to 
approximstely 8% Certain other anuno alcohols 
having a structure similar to D E A E show some 
protective action It could be demonstrated that 
neither P A B A nor D E A E everted a general 
anticonvulsant action against other convulsive 
drugs 

The protective action exerted by both com- 
pounds can be best explained on the basis of 
competitive inhibition of the two procaine split 
products with procaine itself on certain receptors 
in the metabolism of the C N S 

The indirect determination of partial pressures 
in alveolar air R L Rilet (by invitation) amb 
3 L Liuenthal,Jr School of Amatton Medicine, 
U S Naval Air Station, Peneacola, Fla (Read 
bj title ) The errors inherent in direct samphng 
of alveolar air make the standard methods unre- 
liable for studies during exercise An indirect 
method has been developed for calculating the 
alveolar gas pressures and is based on two assump- 
tions for which corroborative evidence ensts 
1) the arterial pCO. equals the integrated mean of 
the entire range of pCOj existing throughout all 
perfused alveoli during a senes of respiratory 
cycles (i c , alveolar pCOj equals arterial pCO.) , 
and 2) the alveolar respiratory quotient equals 
the expired air respiratory quotient These assump- 
tions permit the use of the familiar alveolar air 
equation to calculate the alveolar pO j 


aheoEar RO « ^5^2? 

tracheal pOj — alveolar pOj 
Introducing the assumptions above 

j ^ arterial pCOj 

expired air BQ « ; S; ; 

tracheal pO» — alveolar pOj 

and re arranging 

ehcolar pOj =« tracheal pOj 

expired air R Q 

Thus the effective alveolar pressures are calcu- 
lated readily by dcterimmng a) artcnal pCOi, 
h) concurrent expired air R Q , and o) inspired 
po. 


Thirty -one such determinations have been made 


nt sea level and during anoxia and compared with 
ffaldano Priestley alveolar samples on five trained 
subjects The H-P alveolar pCOj averaged 4 4 
mm Hg higher at rest and 12 4 mm higher during 


exercise than those calculated by the indirect 
method The H-P alveolar pO. averaged 7 7 tthti 
( rest) and IS 4 mm (exercise) lower than the 
direct determinations \The opinions or o-sserlions 
contained herein are the private ones of the tenters 
and ore not to be construed as official or reflecting 
the views of the Navy Department or the naval 
service at large ] 

A study of Q-T interval m various species 
Jaj<e Sands Robb Dept of Pharmacology, Syra- 
cuse Univ , Syracuse, N Y For eleven species 
Q-T duration has been measured Q-T-cy cle rela- 
tionship plotted On ordinary graph paper produces 
a hyperbohe curve When plotted on double loga- 
rithmic paper presents a straight fine Recon- 
structing senal sections of gmnea pig hearts, 
Kaylor and Robb find that limited areas of cardiac 
muscle are suppbed from one strand of conducting 
tissue The theory that numerous limited areas are 
depolanzed and repolanzed simultaneously is 
supported by generally accepted readings of “im- 
tiai negativity ” It is suggested that the size of the 
area suppUed by individual conduction system 
branches and not the total mass of the heart is 
a determinant of Q-T duration This interval not 
only vanes according to metabolic rate within one 
species, but also with metabolic rate from one 
species to another Cellular metabohsm (altered 
by vanous physiological and/or pathological 
conditions) may govern the rate of depolarization 
and repolanzation Only certain heart rates are 
“normal” for a species or for an indmdual within 
a species Rates outside this "normal'' range (say 
70-90 per nunute for an adult man) are sometimes 
caused by conditions which themselves alter Q-T 
duration Thus rates of less than 60 may be caused 
by vagal stimulation which itself makes Q Tshorter 
than would be expected for the coincident 
lengtbemng of cycle Sinularmechanisms may skew 
the data for any species Once the Q-T parameter 
has been established, any deviation from it will 
require explanation 

The cardiac component of the orienting reflex 
Janice Robinson (by invitation) anti W HonsuEV 
Gantt Pavloman Laby , Phipps Clinic, Johns 
Hophtns Umv The effect of the stimulus itself 
before it is made a signal for an unconditional 
reflex 18 knonn as the orienting reflex (OR) 
Motor responses, salivation and changes m heart 
rate were taken as measures of the OR to neutral 
auditory and visual stimuli As the neutral stimu- 
lus IS repeated the initial changes in heart rate 
progressively decrease, in contrast, when the 
neutral stimulus becomes conditioned by rein- 
forcement (with food or shock) the change in heart 
rate becomes greater and constant The motor 
components of the OR (vocalisation, movement of 
ears, turning toward stimulus, etc ) the less 
accurate indices than the cardiac changes, show 
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a parallel pattern of extinction with repetition of 
the stimulus The heart rate is the most significant 
index of OR, showing a high correlation between 
animals, for dilTcrent stimuli and with the motor 
components Furthermore it can be measured 
precisely The cardiac reflexes (orienting and 
conditional) vary with each dog, some showing 
acceleration, others deceleration, tho the pattern 
IS similar for OR and cr The OR is subject to 
conditional inhibition bj repetition, its reap- 
pearance later, after conditioning, is a sjmptom 
of nervous strain, probably a result of dieinhibition 
from agitation Tho sensitivity of the cardiac 
reflexes is shown bj their correlation with the OR 
as well as by their almost immediate transforma- 
tion into ers when the signal is reinforced 

Thermal balance of men working in sorcrc 
heat Sid IIobinsos Aho S D GiitKisa (by 
invitation) Dept of Physiology, Indiana Univ , 
Bloomington, Indiana Ina scries of G hour experi- 
ments men who were acclimatized to work in the 
heat walked on a treadmill at a metabolic rate of 
190 Cal /m'/hr maintaining water balance bj 
drinking 0 1% salt solution In an air temperature 
of 50° C with a wet bulb temperature of 28° C 
the men, clad only in shorts, shoes and socks, 
maintained thermal equilibrium with rectal 
temperatures of about 38°C from the 2nd through 
the 6th hours Wearing Army tropical uniforms 
in the same work and environment they attained 
thermal equilibrium from tho 2nd through the 4th 
hours and then experienced a secondarj rise in 
rectal temperature to above 39°C bj the end of 
the 6th hour Reducing the work so that tho 
metabohe rate was 125 Cal /m*/hr made it possible 
for the clothed men to continue in equilibrium 
through the 6th hour At the higher rate of work 
the men in shorts had the characteristic secondary 
rise in body temperature when tho wet bulb 
temperature was raised to 30 °C The rise in body 
temperature occurring in the last two hours was 
always associated with decreased evaporation 
because of a decline in sweating 

When the elothed men worked at a metabolic 
rate of 190 Cal /m*/hr with the dry bulb tempera- 
ture 50 °C , raising the wet bulb temperature to 
31 °C brought them to exhaustion with rectal 
temperatures of 40°C within two hours , a rise in 
wet bulb temperature to 32 6°C brought the men 
in shorts to exhaustion with rectal temperatures 
of 40 °C within 90 minutes [This work was done 
under a contract, with the Office of Scientific Re- 
search and Development ] 

The effect of oxygen, altitude, and exertion 
on breath-holding time S Rodbahd ' A total 
of 1581 determinations of voluntary breath- 

i Formerly with the Altitude Traming Program, IT S Army- 
Air Forces, Present address Cardiovascular Department, 
Michael Heese Hospital, Chicago, Hhnols 


holding tunes was made under various conditions 
of reduced barometric pressure, of oxygen tension 
and after exertion on 81 volunteers The hold was 
determined from the time of a single deep inspira- 
tion until tho following exhalation Subjects were 
instructed to hold tho breath until a moderate 
degree of discomfort was experienced 
Tiic average liold at rest at ground level while 
breathing air was 70 seconds Hyperventilation of 
air at ground level for 30 seconds increased the 
hold to 100 seconds, hyperv'cntilation of pure 
oxygen for 30 seconds doubled the hold 
The hold was reduced progressively with "alti- 
tude” in the decompression chamber while breath- 
ing ambient air, falling to 40 seconds at 18,000 feet 
On breathing pure oxygon at ground level, the hold 
was increased to 95 seconds, vnth increasing 
aUtludcB this enhancing effect of oxygen was 
progressiv cly diminished so that at 23,000 feet the 
hold averaged 70 seconds, and at 38,000 feet the 
hold was 45 seconds 

A preliminary burst of exercise for 16 seconds 
caused a reduction of the hold which was propor- 
tional to the effort, regardless of the per cent 
oxygen inspired, or of altitude up to 38,000 feet 
Exertion equivalent to 1500 foot pounds reduced 
the hold from an average of 70 to 40 seconds, 3000 
foot pounds reduced it to 20 seconds Even very 
mild activity such as rising or standing caused 
a transient reduction m tho hold 

It IS apparent that the hold depends in large 
part on the alveolar oxygen and carbon dioxide 
tensions 

Factors affecting bubble Tolmne In the tissues 
at various altitudes. S Rodbahd ‘(Read by title ) 
Previous studies on decompression sickness sug- 
gested that symptoms could be explained most 
satisfactorily by Bert’s thesis that bends result 
from the presence of bubbles in sensitive tissues 
Relative bubble volume has been estimated by the 
relationship 

Volumo»!t!tad» Bar Fr«e« i«t»i 
Volume,e» loTti Bar Prutitud® ~ 47 


where Bar Pr represents barometric pressure in 

mm Hg and 47 represents body water vapor ten- 
sion However, bubbles in the tissues would equi i 
brate rapidly not only with water vapor, but a so 
with tissue CO. and Oj A more likely formulation 
of relative bubble size would therefore be 


Volume,u.ta.i. _ Bar Pr.„i.va - (47 + 40.+ ig (2) 
Volume»M loToi Bar Pr,atitude “ (47 + 40 + 40) 

where 47, 40, and 40 represent tissue teMions of 
water vapor, CO 2 and Oj, respectively ® 


I Formerly with the Altitude Trmmng Program 
Air Forces, Present address Cardiovascular 
Michael Reese Hospital, Chicago, Illinois 


^ XT S Army 

Pepflrtnienfcf 
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ference, BarPr — (47 + 40 + 40) represents bubble 
Ni tension, except at extreme altitudes where 
tissue and surface tension factors become sigmfi- 
cant 

Equation (1) indicates that a bubble in the 
tissues at ground level nould expand to 7 volumes 
at 38,000 feet, while equation (2) shows that it 
would expand to 25 volumes The latter equation 
shows a marked increase in volume around 30,000 
feet, at which the incidence of bends markedly 
increases It also coincides with the rate of relief 
from bends pain dunng descent from 38,000 
feet 

Changes of nerre properties near a killed region 
A Rosenblueth and J Gaecia Ramos (by invita- 
tion) Seclion of Physiology, Instituto Nactonal de 
Cardtologia de Mixtco In cat peroneal nerves the 
changes of properties near an injury (crushing or 
clean section) are as follows excitability subnor- 
nial, refractonness (absolute and relative) pro- 
longed, conduction velocity slow, spike potential 
amplitude small, duration unchanged With ade- 
quate electrode arrangement, anodal polanzation 
results in a decrease, cathodal in an increase of the 
spike amplitude These changes appear imme- 
diately upon injunng the nerve They are due to 
the nearness of the injury and are not caused by the 
demarcation potential or by flow of ions They are 
first stable Later occurs a progressive further im- 
pairment due to the progressive death of the fibers 
from the injury toward the normal regions 

There is no “healing ” The increasing diphas- 
icity of “monophasio" responses and the decreasing 
demarcation potential are artifacts due to the pro- 
lon^tion of the electrode on injured tissue by the 
dead fibers into the nerve trunk and to the conse- 
quent effective contact with the external surface of 
intact elements 

The effect of histamine, administered intra- 
xenousljr In increasing concentration, on the pain 
threshold of normal subjects Grace M Roth, 
Section on Clinical Physiology, Mayo Clinic, 
Rochester, Minnesota, Dan Y Bubbiu- (by invita- 
tion), NoTthiceslern Vniv Dental School and A C 
IvT, Dept of Physiology, Northwestern Unto 
Medical School, Chicago, Illinois The method of 
Goctil, Bumll and Ivy was used to determine the 
pain threshold of ten normal subjects A slow infu- 
sion of histamine di phosphate, contaimng 1 mg of 
histamine base in 250 cc of physiologic saline solu- 
tion (1 400,000 dilution), was admimstered subse- 
quent to a control infusion of physiologic saline 
solution Blood pressure, pulse rate and pain 
threshold wore determined simultsneouslj at fixe 
Uiinuto intenals as the quantitj of histamine base 
injected was increased from 0 004 mg per cubic 
centimeters to 0 02 mg per cubic centimeters per 
minute 

The complete senes of observations was made 


twice on each of nine subjects and three times on 
the tenth subject There was a lowenng of the pain 
threshold of four subjects, no sigmficant change in 
three subjects and an elevation in the other three 
subjects 

Inhibition of the emetic effect of intravenous 
glutamic acid in dogs L W Roth (by invitation), 
R K Richards and F R Steggeeda Dept of 
Pharmacology, Abbott Laby , North Chicago, 111 
(Read by title ) When 1-f glutaimo acid, as a 5% 
solution with a pH of 1 1, was infused into 20 dogs 
at a rate of 10 mg /kg /nun , vomiting occurred at 
an average dose of 136 mg /kg There were no signs 
attributable to acidity effects Vanous agents were 
tried in an attempt to delay or prevent the vomit- 
ing reaction Atropine, d-desoxyephednne, or pj n- 
doxine with thiamine were found to have no sigmfi- 
cant effect In 10 dogs injected i v with 2 mg /kg 
of Nembutal, 10 minutes before the glutamic acid 
infusion, the average amount of glutamic acid 
necessary to produce vomiting was raised to 219 
mg /kg , which IS a statistically sigmficant differ- 
ence This amount of Nembutal has no detectable 
sedative action upon the dogs It was found that 
dogs will develop a tolerance to the emetic effect 
of glutamic acid, if the adnunistration is repeated 
within a few days This was taken into account in 
the above expenments by companng only “first 
run” expenmental results of the different senes 
The relation of the deep opercular cortex to 
taste Theodore C Rtjch and Earrt D Patton 
(by invitation) Laby of Physiology, Yale Univ 
School of Medicine, New Haven In an imtial senes 
of expenments taste deficits as demonstrated bj 
threshold curves for bitter obtained by the prefer- 
ence method failed to occur after bilateral ablation 
of the free surface of the infenor central region 
Definite but transitory disturbances seemed correl- 
ated with the degree of destruction of the buned 
opercular cortex Gerhardt (Jour f Psjch u 
Neuaol , 1938, 48 328) desenbes in a chimpanzee 
brain a previously unknown area of granular cortex 
of the sensory tj pe (Area 68 II gr ) in the precen- 
tral operculum bordenng on the circular gjrus 
Analysis of the imtial senes of lesions by senal 
sections indicates that this region was in no case 
bilaterally destroyed In three expenments de- 
struction of this region was attempted In Exp I , 
it was approached by ablating the motor face area 
and a severe taste disturbance was manifested but 
testing was inconclusive due to interference with 
swallowing In Exp 2, the honzontal supenor bor- 
der of the lesion passed just below the infenor end 
of the central fissure A moderate taste deficit was 
demonstrable 41-93 days after operation In Exp 3, 
Gerhardt’s granular cortex was approached by 
oiiening the Sylvian fissure, and a stnp of oper- 
culum bordenng on the insula was dcstroved bv 
suction In a determination of the preference 
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threshold (32-5Gth poslopcmlivo dajs) bitter poIu- 
tions, winch had been totally rejected Iicfore opem- 
tion, were drunk equally witli water Sipniftcnnl 
quantities of Bolutiona were accejited which wort 10 
times as strong as those conii)letcl> rejerted before 
operation The degree of ponnaneiice of this deficit 
IS under investigation The ina\ininl taste deficits 
have occurred when Gerhardt’s gmniilnr area was 
ablated and damage to the free opercular surface 
was minimal The available cv idcncc suggests that 
taste IS localired neither in the traditional hippo- 
campal area nor in the free cortc\ of the operculum 
but in the parainsuiar area of the operculum 
[Aided 111 a grant from the 1 hnd Rc'carch 1 unds, 
Yale Umv School of Medtetue ] 

Crash injuries in experimental animals (motion 
picture) RonrRT F Rusirvii n (introduced by 
Herman S Wigodskv ) A A/' School of Avtalton 
Medicine, Randolph Field, Tcxai Tins motion pic- 
ture was designed to illustrate the effects of abrupt 
deceleration on c\pcnmental animals Anesthe- 
tized cats were restrained in various wavs m carts 
constructed so that obstructions could be installed 
which were similar to those found in aircraft cock- 
pits High speed motion pictures (3G00 frames per 
second) were taken to observ c the points of contact 
and distortion of animals at impact The pathologi- 
cal lesions produced by the action of decolcrativo 
forces are show n in color 
Injuries of the lungs, liver, spleen, mcsonlcrj, 
spine and renal vessels w ere found w Inch w ere simi- 
lar to those encountered at post-mortem on humans 
following aircraft accidents Injuries sustained by 
the lungs were characterized by diffuse hemor- 
rhages into the parenchyma which were most com- 
monly found in the middle and lower lobes The 
location of these hemorrhages did not appear to be 
related to the direction of action of the dccelcrative 
force Areas of emphysema along the lung margins 
were encountered in a few cases The lesions found 
in the liver and spleen usually consisted of linear 
lacerations of the capsule on the diaphragmatic 
aspect, extending into the parenchyma and often 
associated with profuse hemorrlmgc 

Pressure waves could be seen traversing the ante- 
rior abdominal walls of animals in the supine posi- 
tion There was a great deal of variability in the 
severity of the injuries sustained by animals ex- 
posed to decelerative force under apparently simi- 
lar conditions 

Physiological reactions of men working in the 
cold in relation to the amount of clothing worn 
H D Russell (by invitation), H S BELDiNG,and 
R C Darling Fatigue Ldby , Harvard Umv , 
Boston, Mass Four clothing outfits varying five- 
fold in insulation value have been worn by men 
while performing the same uphill w'alks at 0°F , 
each exposure lasted two hours 
The men were most comfortable while wearing 


one of the two outfits of intermediate weight (H or 
17 iioiinds) In (he assembly of preference average 
data were skin tcinjicmtiirc, 8i‘’F , rectal tem- 
perature, 100 , energy production 7 2 Cals/ 

kg /hr , jnilse rate, )33/minutc, sweat, 235 grams/ 
hr , and lalculatcd efficiency of sweat for body cool- 
ing, 01 jier c( nt 

In the lightest clothing (underwear, socks, and 
shoes) the men felt cold, but (he most sinking 
effect was a suppression of sweating to less than 50 
grnms/hoiir, at the aarne time mean skin tcmjicra- 
liire fell ns low as OlH'' , and there was incipient or 
actual local frostbite, rectal tempemture dropped 
to 9S 1 , and energy production was 8 0 Cal /kg / 

hr elevated ns a result of increased muscle tone 
and shivering 

In the heaviest clothing (22 pounds) the men felt 
very hot anil the subjects verged on heat exhaus- 
tion , mean skin temperature rose to 95°F , rectal 
temperature to 102 8°r , pulse rate to 180/mmute, 
heat production to 7 9 Cals /kg /hr because of 
the extra work and "hobbling effect" of carrying 
the heavy clothing, and sweat to 900 grams/hour, 
efficiency of the sweat for body cooling was 37 per 
cent 

Energy loss in the four outfits has been parti- 
tioned to determine the relative importance of the 
various avenues of licat loss 

The lymphatic conveyance of thjrroid hormone 
WiiLtAvt T Svlter and Waluvce F White (by 
invitation) and E A McKai (by invitation) 
Dept of Pharmacology, Yale Untv School of 
Medicine Protein-bound iodine id serum is used 
routinely to measure net thyroid function This 
"hormonal" iodine is incorporated chiefly m the 
albumin fraction VI of E J Cohn^s Tiselius tested 
human plasma preparations Of a total 52 micro- 
grams of protein-bound iodine per liter of plasma, 
the two albumin moieties (V and VI) contribute 
38 A second peak in the alpha-beta globulin range 

of this plasma iodine "concentration-spectrum 
makes a rclativ'cly unimportant -contnbution to 

the whole , 

How does this protein-bound hormone reach e 

cells? With the aid of C K Dnnker protein-hound 

iodine in dog lymph has been measured 
oral, protein-bound iodine in cervical and im 
ly^mph and in pericardial fluid can be pre le ^ 
from the presumed albumin content T e m 
organic iodine is usually negligible (un er 
M g %) in both serum and lymph These 
concentrations of lodme can be measured rea i 
m 1-ml samples by'^ the rate of catalytic re uc i 
of eerie ions with arsemous acid In one og 
protein (m grams-per cent) w'as S 3 for , 

for pericardial fluid, 2 6 for right cervical lympn, 

2 6 for left cervical lymph Corresponding value 
for protem-bound iodine m micrograms-per 
were, respectively, 4 6, 1 3, 2 6, 2 8 
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The findings emphasize the importance of capil- 
lary leaLage of albumin in establishing a labile 
fluid medium by which the tissue cells are bathed 
mth a steady concentration of thyroid hormone 

The causation of the latency relaxation Alex:- 
A^DER S^NDOW Washington Square College of 
Arts and Science The latency relaxation (LR) has 
been recorded by the piezoelectnc, cathode-ray 
oscillographic method in techniques such that the 
participation of a mechanical compression wave in 
the sense of Schoepfle and Gilson (J Cell Comp 
Physiol 2S 119, 1945) is excluded In the trans- 
verse technique, the LR is obtained by having the 
pickup stylus press down across a Rana pipiens 
sartonus slung horizontally in air on a special mus- 
cle holder The stylus acts as cathode The depth 
of the LR (R) is a function of the transverse ten- 
sion, being very large at tensions from 2 to 10 grams 
For this muscle R is always smaller for a given 
tension when the cathode is some distance away 
from the stylus Since, at the stylus cathode, the 
immediate response in purely local and thus free 
of any transmitted mechanical wave effects, and 
since the LR precedes contraction at that spot, the 
LR must represent an intrinsic physiological pre- 
contractile elongation of the muscle 

In the axial technique, the muscle is vertically 
oriented in Ringer’s solution with its free end 
connected to the stylus Excitation is affected by 
Isige Ag-AgCl band-electrodes symmetncally 
flanking the muscle Thus all segments of the 
muscle’s length are simultaneously excited and 
no transmitted mechanical wave exists R is now 
3 to 4X that produced by the same muscle excited 
by wire electrodes, and the increased value of R is 
attnbutcd to the synchronous activity of the en- 
tire muscle length Since an LR is obtained m the 
absence of any transmitted wave, the LR is at- 
tributed to a real precontractile elongation of the 
excited musclO; 

The presented evidence thus disproves the 
theory of Schoepfle and Gilson that the LR is a 
compression wave artifact Other evidence will 
show that the LR is a consequence of the activation 
of myosin for contraction 

Cholinesterases in peripheral nerve fibers 
CnAHLEs H Sawyer (introduced by J E 
Markce) Dept of Anatomy, Duke Univ , Durham, 
^ C Acetylcholine (ACh) functions at the neu- 
rona! surface, and there is considerable cndcncc 
fhat Its specific cholinesterase (ChE) in peripheral 
nerves IS secreted by the axis cylinders The results 
of expenmenfs outlined here confirm tliat most, 
but deny that all, of the enzyme is produced bx 
Iho axis cylinders themselves (l)RcKtivcl\ large 
Quantities of the specific or true ChE and small 
amounts of (ho non specific or pseudo ChF arc 
present in the guinea pig sciatic nerve (2) Scc- 
fioning this nerve leads, within the first few days. 


to a 60% loss of true ChE from the degenerating 
tibml and peroneal nerves There is no further loss 
of this esterase even on complete disintegration of 
the axons Pseudo ChE activity is unaffected by 
the operation while the total ACh hydrolyzing 
capacity, dependent on the two enzyunes, decreases 
30% (3) Neuromas, developing on the proximal 
ends of the sectioned sciatic nerves, contain great 
numbers of fine regenerating axons, and their ACh 
hydrolyzing power is 3 times as great as that in the 
controls The rise is -due almost entirely, if not 
totally, to increased true ChE content (4) It is 
concluded that nearly two thirds of the true ChE 
in the control nerves is secreted by the axis cylin- 
ders, but that more than one third is produced 
by some other element or elements, perhaps 
Schwann’s sheath cells Pscudo-ChE is probably 
completely resident in the connective tissue of 
the sheaths 

Reflex activity m the lower extremities after 
verified transection of the spinal cord in man 
JohnE Scaeit and James L Pool (introduced by 
Fred A Mettler) Dept of Neurology, College of 
Physicians and Surgeons, Columbia Untv , New 
Yorf City Thirty-three of forty-one paraplegic 
patients with traumatic lesions of the spinal cord 
between the 7th cervical segment and the 10th 
thoracic segment suffered with massive involuntary 
spasms of the legs Five of these patients with 
severe spasms of twelve months duration, or longer, 
were explored at the sites of the lesions In each 
case the fact of previous complete transection of 
the spinal cord was established, and the stumps of 
the previously severed cord which had been, in all 
instances, densely adherent to the dura were 
liberated and excised 

Prior to our operations, the tendon reflexes in 
these five patients were generally, though not in- 
variably , exaggerated After operation, there was 
a marked reduction in the tendon reflexes in four 
of the five cases 

In three of the patients stroking the sole of the 
foot yielded no response of any sort In -one patient 
there was a vngorous plantar flexion of all toes 
In three patients there was slight dorsi flexion 
(extension) of the toes Following operation there 
were changes in the plantar reflexes which, how- 
ever, conformed to no fixed pattern The positive 
Babinski sign did not invariably follow transection 
of the cord in man it did occur in certain instances 
but the factors governing its occurrence were not 
evident Surgical procedures carried out on the 
distal stump of the divided cord affected the 
plantar reflexes in various manners 
The characteristic pattern of changes in nitro- 
gen metabolism after trauma \icTon Scheskpr 
(bv invatation), J \ P Sttvexsox (by invita 
tion) and J S L Bnowxr McGill bnu Clinic, 
Royal 1 icloria Hospital, Montreal, Canada Nitro 
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gen balance Btudics have been conducted in J60 
subjects These investigations demonatrato that 
the nitrogen metabolism of adult patients in good 
health at the tune of injury, undergoes a senes of 
changes vhich follows a chamctenstic pattern 
quite irrespective of the nature of the trauma 

On comparison of the rate of nitrogen elimination 
in the urine of patients with burns, fractures, 
muscle-wounds, and after surgical operations, with 
that of paircd-fcd, healthy subjects, it is shown 
that for a time after acute trauma this rate is mark- 
edly increased This ‘catabolic response’ reaches 
its maximum intensity within a week or so after 
the initial injurj , then graduallj subsides, al- 
though secondary stimuli (e g infection, surgical 
operations and manipulations) maj prolong its 
duration bj eliciting corresponding secondary 
responses This intcnal has been termed the 
‘catabolic period’ 

These catabolic phenomena merge into a second 
phase in the metabolism of nitrogen, and there 
occurs the ‘anabolic period’ which is characlcrircd 
in the same individual, by the rctcnliori of nitro- 
gen, in contrast to the loss of nitrogen which oc- 
curred during the ‘catabolic period’ at the same 
level of food intake This anabolic tendcnc} be- 
comes progressively less and less pronounced as 
the patient recovers his previous hcallhj state 

Synaptic delay and central inhibition in relation 
to electrotonic potentials By Gonnox M 
ScHOEPFiiE Physiological Dcpl , School of Medt- 
cine, Washington Umv , Si Louis The classical 
local circuit theory of nerve impulse transmission 
demands that polyphasic voltage-time relations 
exist at points in the conducting medium surround- 
ing the fiber With this in mind voltages were 
determined at points in a medium of 0 8% sucrose 
solution surrounding isolated nerves and isolated 
(but intact) muscles All potentials arc referred to 
an inert (distant) point in the medium 

A positive deflection precedes the negative com- 
ponent regardless of the local electrode position 
■with respect to the fiber In fact, a relatively pure 
positive monophasic deflection may be obtained 
near the tips of both nerve and muscle fibers If 
a membrane discontinuity exists at the synapse a 
positive or inhibitory potential vanation will pre- 
cede the negative or excitatory variation Hence 
an apparent synaptic delay 17111 be mamfest jf 
conduction times are determined in the usual 
manner This argument is consistent with recent 
concepts of activation across the A-V junction in 
heart (Gilson, A J P 138 113, 1942) Electrotonic 
spread of potential across a block in a single nerve 
fiber should involve no initial anodal polarization 
of the membrane beyond the block since there 
exists no membrane discontinmty (Erlanger, 

A J P 12G 97, 1939) The same considerations 
may apply to conduction across septal divisions in 


earthworm nerve fibers in which case no delay is 
apparent (Bullock, J Ncurophysiol 8 65, 1945) 

A straight end to end orientation of neurones in 
Bjnaptic relationship without overlapping would 
npparcntlj involve inhibition without subsequent 
excitation 

A compnrailyc study of the methods for re- 
suscitation from carbon monoxide asphyxia H 
ScnwiriMA (by invitation), A C Ivr, A E Sid- 
wriL, Jit (by invitation), W Wolman (by inn 
tation) and 11 FniroviAN (by invitation) Dept 
of Physiology, Northiccstcrn Univ Medical School, 
and the Laly of the American Medical Association, 
Chicago A comparative study has been made of 
the effectiveness of several commonly used meth- 
ods of resuscitation in 223 dogs asphyxiated with 
0 3 per cent CO 

Dogs were exposed to CO until the first respira- 
tory gasp appeared, and one of the methods was 
applied One group was asphyxiated with gas from 
the city mains, the other with “pure” CO from 
a cylinder Manual respiration and mechanical 
resuscitators of 2 types were used the EAJ (al- 
ternating positive and negative pressure) and 
McKesson (a fixed volume bellows tyjie) Oxygen 
and 7 per cent carlxigcn were used in thcsc-dences 
Two groups of dogs, one exposed to city gas, the 
to cylinder CO, were untreated after removal from 
the chamber All survivors were observed for 2 
weeks for the appearance of neurological sequelae 
The following results were obtained when city 
gas was used, the per cent sumnng being given 
no treatment, 3G per cent, manual respiration and 
air, 50 per cent, E&J and oxygen, 07 per cent, E&J 
and carbogen, 75 per cent Ten per cent of the 
survivors developed neurological sequelae There 
was no relation between the length of exposure and 
survival, but the neurological sequelae increased 
with the length of exposure 
The following results were obtained when the 
“pure” cylinder CO was used, the per cent sur- 
viving being given no treatment, 16 per cent, 
manual respiration and carbogen, 60 per cent, 
E&J and carbogen, 60 per cent, E&J and oxygen, 

47 per cent , McKesson and carbogen, 40 per cent 
Neurological sequelae appeared in 66 per cent o 
the survivors, with an increase in incidence m 
those with long exposures Dogs exposed for a ong 
time had a better chance of survival than t ose 
exposed for a short time The rate of clearance o 
CO from the blood was followed in 10 dogs m each 

group , 

Renal blood flow and renal clearance during 
hemorrhagic shock Ewald E Selkubt D^ cJ 
Physiology, School of Medicine, Western Reserve 
Umv , Cleveland, 0 Reduction of mean blood pres- 
sure in dogs to 60 mm Hg by standardized emor 
rhage causes an immediate decrease in direc ren 
blood flow (R B F ) to 41 5 per cent of the contro 
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value Renal vascular resistance gradually in- 
creases as this level of hj potension is maintained 
for 90 minutes, resulting in further decrease in 
R B F Minimal R B F occurs during the subse- 
quent 40 mm Hg period, when it is only 11 per cent 
of the control During this penod, renal vascular 
resistance is greatest 

Upon reinfusion of blood, there is restoration of 
R B F and mean blood pressure to approximately 
75 per cent of the control Simultaneously, renal 
vascular resistance returns approximately to nor- 
mal Blood pressure and R B F decrease again 
terminally, but R B F falls more rapidly, due to 
increasing renal resistance 
During hypotension, there is anuria, and the 
clearance of p-aimno hippunc acid (PAH) and 
creatimne is therefore zero, even while R B F is 
appreciable Upon reinfusion of blood, the clear- 
ance of P A H and creatimne fails to be restored, 
resulting in large disparities when compared to 
direct renal blood flow These discrepancies are 
thought to be due to renal tubular impairment, 
created by anoxia during the hemorrhagic hypo- 
tension This 18 evidenced by reduction of the ex- 
traction ratio of P A H , and by marked decrease 
in the U/P of creatimne Histological examination 
of representative kidnejs revealed a diffuse ne- 
phrosis, with cloudy swelling and hydropic de- 
generation of the tubular cells 
Beta dlmethylamino-ethyl benzhydryl ether 
hydrochloride as an antihistamine and anti* 
anaphylactic agent W A Belle Dept o/ Physi- 
ology, Medical School, Vniv of Texas, Galveston 
Detailed studies confirm the observations of Loew 
ctal that B dimethylaminoethyl benzhydryl ether 
hydrochloride is a potent antihistamine and anti- 
anaphylactic agent The drug w as tested on isolated 
tissues of normal and sensitized guinea-pigs and on 
intact normal and sensitized animals One tenth 
nuUigram of the drug prevented contraction of the 
isolated uterus and ileum suspended in 20 cc of 
Locke’s solution to which 10 gamma of histamine 
was added Using the Schultz-Dale technique, 2 
mg prevented the anaphylactic contraction of 
guinea pig ileum subjected to an assaulting dose of 
sntigon Ten milligrams injected intrapentoncally 
into 600 gram guinea-pigs protected the animals 
against 3MLD of histamine The drug was also 
effective in significantly reducing the incidence of 
fatal anaphylactic shock in sensitized animals 
In the latter experiments, intrajugular injections 
of antigen (egg albumin) were made into sensitized 
but untreated control animals and into sensitized 
animals which had received 16 mg of the drug in- 
trapcntoncally 30 minutes proviouslv Eight of ten 
treated animals survived anaphylaxis while only 
one of ten untreated animals did so The results 
'ndicatc that the drug is the most potent anti- 


histamine and anti anaphylactic compound studied 
thus far 

Effect of the diet upon the renotropic, nephro- 
sclerotic, cardiotropic and adrenotropic actions 
of crude anterior pituitary preparations By Hans 
Selte and Helen Stone (by invitation) Inst 
of Experimental Medicine and Surgery, Untv of 
Montreal, Montreal, Canada “Acidifying salts” 
(NH»G, CaCli, etc ) or large amounts of carbo- 
hydrate (glucose, starch) counteract the neph- 
rosclerosis producing and kidney enlarging 
(renotropic) effects of antenor pitmtary prepara- 
tions This has now been confirmed with a vanety 
of simple, natural diets Rats, sensitized to the 
nephrosclerotic action of lyophdized antenor 
pitmtary (LAP) by umlateral nephrectomy and 
the substitution of 1% NaCl for dnnking water, 
were fed exclusively on skeletal muscle, cardiac 
muscle, "punna” fox chow, peas, lentils, com, 
lima beans or nee Each diet was given to a group 
of 20 rats (average initial body weight, 83 grams), 
half of the animals receiving, during 17 day s, daily 
subcutaneous injections of 20 mg of L4P, the other 
half (controls) the same amount of ly ophilized liver 
extract The average renal, heart and adrenal 
weights of the LAP treated groups decreased in the 
order in which the diets are enumerated above 
The degree of nephrosclerosis and the final organ 
weights were closely proportional to the protein 
(and inversely proportional to the carbohydrate) 
content of the diets m all groups 

The liver extract failed to cause any significant 
organ changes on any of the diets 

It IB concluded that the ability of anterior pitui- 
tary preparations to cause nephrosclerosis and 
renal, cardiac and adreno-cortical enlargement is 
largely dependent upon the protein content of the 
diet and counteracted by carbohydrates This 
confirms earlier observations made in this labora- 
tory under slightly different expenmental condi- 
tions and shows the importance of the diet in 
evaluating bioassays for the above mentioned 
pituitary ctivities [Aided by a grant of the Com- 
monwealth Foundation ] 

The action of sulfamlimidc on the resting po- 
tential of frog nerve A M Shanes (introduced 
by D E S Brown) Dept of Physiology, Aeio 
York Univ College of Dentistry The highly mobile 
hy drogen ion, arising by v irtue of tissue CO pro 
duction and its subsequent conversion to carbonic 
acid, has been suggested as a possible source of 
bioclcctrical potentials The efficacy of such a 
process might well be dependent upon the catalv - 
sisof the reaction HjO -f COjZziHsCOi bv carbonic 
anhy drasc 

Sulfanilamide, purported to be a specific in- 
hibitor of carbonic anhydrase, lias been applied in 
concentrations of 100 mg % to frog sciatic nerve 
as a test of the involvement of this cnzvmc No 
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appreciable cITccl on tlic resting poicniial has been 
observed in oxygen after 2 or 10 bours of soaking in 
this inhibitor Hon ever, during 2 Iioiirs of anoxia, 
the decrement of potentml is onlj 0 0 that of tho 
controls, while tho inercincnt upon return to 0x3- 
gen IS smaller still P amino benroate produres 
neither ctTcct, nor docs it counicraet sulfaiiilaniide, 
these negative results arc consistent with the 
possibilit3 that sulfanilninide is inhibiting car- 
bonic anh3drasc Furthermore, the action of sulfa- 
nilamide on the decline of potential in nitrogen ns 
well as on the rcco\cr3 in 0x3 gen (an bo interpreted 
readil}' in terms of such inhibition The system 
catal3rcd 1)3 carbonic anlodrase is therefore be- 
lieved to be one likcl3 mechanism in the produc- 
tion of resting potentials 
The effects of smoking on the dark adaptation 
of rods and cones Ciunn s &iii \ni) Dnmion of 
Physics and Biophysical Research, ilfni/o Founda- 
tion and Mayo Clime, Rochester, Minnesota \ 
senes of investigations was made on sc\oral sub- 
jects regarding the effects of smoking cigarets on 
the levels of dark adaptation, with controlled con- 
ditions and specified criteria, under the following 
circumstances (1) inhaling smoko, (2) smoking 
but not inhaling, (3) inhaling smoke draw n through 
filters absorbing nicotine, (4) smoking cubebs, 
corn-silk cigarets and other materials which did 
not contain nicotine and (5) breathing pure ox\gcn 
prior to and during all adaptation tests in each of 
the foregoing procedures 
These investigations show that (1) there is a 
definite decrease of level of light sensitivity (0 25 
to 0 75 log unit) in both rods and cones which 
persist for 15 to 30 minutes after inhaling smoke 
from two standard cigarets, (2) the effects arc 
practicall3’- the same if the smoke is drawn into the 
mouth and not inhaled , (3) there is no effect on the 
adaptation levels when the nicotine is removed 
(that IS, less than 5 per cent remains) from the 
smoke by suitable filters, (4) the responses of 
cones are less affected and the recovery is more 
rapid than for the rods, (5) the breathing of pure 
oxygen instead of air has little if any effect on the 
rate or total time of recovery to previously estab- 
lished levels, and (6) there is no effect of smoking 
cubebs, corn-silk cigarets and similar types of mate- 
rial containing no nicotine These findings show 
that the smoking of standard cigarets reduces, and 
therefore acts adversely for 15 to 30 minutes on, the 
dark adaptation levels of both rods and cones, 
owing largely if not wholly to nicotine 
Acclimatization of men to high temperatures 
Walter B Shelley,) (by invitation) and Steven 
M Horvath “ Armored Medical Research Lahy , 
Fort Knox, Kentucky Acclimatization to moderate 

) Captain MC, AUS 

® Major SnC, AUS 


levels of environmental heat has been studied cx 
tonsivel3 , but little is known regarding the physi- 
ologieal adjustments occurring in men working at 
very lugh lempcraturcs Previous experience has 
iriduatod that the amount of work that can be 
I»crform( d by clothed men at an environment of 
DB J2()®r and W B 02‘’r is very small 
Sixteen young soldiers, after two weeks of pre- 
liminary training, started work, walking at 2 9 
ini)h (250 Cal /Hr ) in an environment of 120'‘F- 
'fjipj dressed in herringbone twill 

uniforms On their first cxjiosurc they walked for 
0 5 hours On each succeeding day they walked a 
full hour III the heat and their acclimatization to 
Hus amount of work was studied The following 
table presents data obtained at the end of the hour 
on the second and fourteenth day in the heat Ac- 
rlimatiration at "upper limits" follows the pattern 
observed in exposures to milder environmental 
heat loads 


1 

Rectal ! 
temp , *F 

Pahe rale! 
per mm 

Final , 
mean 1 
skin 

temp , *F 

W'eigbt 
loss 
gm /hr 


Mean 

Mean 

Mean 

Mean 

2nd dfl> 

lot 2 

102 

I 101 8 

1556 

Mill dix> 

102 8 

U9 

100 I 

1SS2 


The average amount of work that could be per- 
formed at this environment on tho first day of ex- 
jiosurc was 0 6 hours while aftertwo weeks of work 
these men were able to walk on the average 1 6 
hours, with two men walking for 2 4 hours 
In an attempt to determine the degree to which 
acclimatization to an extremely hot environment 
would influence performance at lower environ- 
ments, twelve of these men then walked at both 
120°F-90'’F and 120°F-SS'’F All subjects walked 
the four hours required However, it appeared that 
these men, acclimatized to one hour of work at 
120'’F-93‘’F , were only partially acclimatized to 
four hours of work at 120 "F -90 °F , but were 
acclimatized to four hours of work atl20 F » 
as ev'idenced by addiiional exposure to these en 

vironments , _ 

Age changes in kidney function of human su 
jects Nathan W Shock Division of Physiology, 
National Inst of Health, Bethesda, Md and Balii-^ 
more City Hospitals, Baltimore, Md Kidney mac 
tion was measured in a group of 50 colored ^ 6 , 
aged 20-80 years who were free from chmcal sig 
or previous history of cardiovascular or 
disease The following tests were apphetl to ea 
subject concentrating ability, urea 
inulin clearance, diodrast clearance, dio ras 
and rate of excretion of orally administered aci 
and alkali 
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Concentration capacitj of the kidney showed the 
least diminution with age Urea and inulin clear- 
ances showed a gradual decrease after the age of 50 
jears Tubular function, as measured bj diodrast 
clearance and rate of excretion of acid and alkali, 
showed some reduction as early as 40 j ears of age 
The extent of impairment was greater for tubular 
function than for glomerular filtration at the higher 
age levels Average \alues for both tubular and 
glomerular function diminished gradually with in- 
creasing age Diodrast Tm also dimimshed gradu- 
ally at ages greater than 40 years Some 70 year old 
subjects showed kidney function equal to that of 
20 j ear olds 

Cortical autonomic center for the eyes on the 
mesial surface of the frontal lobe in cat Arthur 
A SiEBBNS (by invitation) and Clinton N 
WooLSBT Dept of Physiology, JohTis Hopkins 
Unw , School of Medicine, Baltimore, 5, Md 
Cortex on the mesial surface of one hemisphere was 
exposed and stimulated at 2 mm intervals with 
60 cycle current or Harvard inductorium under 
pentobarbital anesthesia The region from which 
autonomic effects were produced lies above the 
level of the corpus callosum and antenor to the 
cruciate sulcus, reaching nearly to the rostral pole 
of the henusphere It extends only slightly onto the 
dorsal surface of gyrus proreus The area yielding 
maximal effects is centered about 4 mm below the 
dorsal edge of the hemisphere and approximately 
3 mm rostral to the point where cruciate sulcus 
and sagittal sinus meet 

Effects produced were bilateral From the center 
of the area wide dilatation of pupil, complete re- 
traction of nictitating membrane and marked 
exophthalmos were elicited From penpheral parts 
of the area smaller responses were obtained In 
some animals all three effects occurred together, 
in others only dilatation of the pupil Dissociation 
hj anesthesia indicates that the cortical system 
need not act equally on all effectors 
After section of one cervical sympathetic the 
pupil of that Bide still dilated on cortical excitation 
(parasympathetic inhibition), but the effect was 
email compared mth the response before section 
On the other hand, the pupil still actively dilated 
'rhen only the oculomotor nerve was cut unilator 
Thus the cortex exoked reciprocal actions in 
'6c sympathetic and parasympathetic inncna- 
hons of the pupil Our results differ from previous 
ch^cnations as regards both the locus of the cor- 
tical area and the mechanism of dilatation 
Degencrntive changes induced in the C N S of 
*lhmo rats by exposure to O at high pressure 
(Read bv title ) Ernest C Siegfried (b% inxnta- 
''°n) and John W Bfan Dept of Physiology, 
Vnip of Mich , Ann Arbor Albino rats were ex 
F'^d to 0 at increased pressure (usually 55 pounds 


gauge) for short penods of from 10 to 25 imnutes 
2 to 4 times per day over such penods of time as to 
induce defimte permanent motor dysfunction, 
because of wide xanation in individual suscepti- 
bility the program of exposures vaned considerably 
for different animals Decompression was such as to 
preclude the possibility of bubble formation 
Following the last exposure an interval of about 14 
days was provided to permit degenerative changes, 
which may have been induced, to become demon- 
strable histologically The animals were then sacn- 
ficed and brain and cord prepared for serially sec 
tiomng and stained (Weigert) 

Histological examination revealed numerous sites 
of degenemtive changes varying in degree from 
slight to very sev ere The most common and promi 
nent degeneration was found in the cortico spinal 
tract , less pronounced and less constantly , de 
generative involvement was found in the fasiculus 
gracilis, and the dorsal cerebellar tracts, the 
brachmm pontis, cerebral peduncles, and corpus 
callosum In a few preparations there was some evu- 
dence of an involvement of the optic nerve The 
seventy and extent of the histopsthology was not 
uniformly commensurate with the seventy and 
extent of the motor dvsfunction manifest by the 
animal pnor to its sacnfice The results indicate a 
wide spread deleterious effect of 0. at these pres- 
sures on the C N S and extend and confirm earlier 
findings previously by one of us (J W B Physiol 
Rev , 25 1, 1945) m 

Electrocardiographic changes in semi-starva- 
tion Ernst Simonson Laby of Physiological 
Hygiene, Univ of Minnesota Electrocardiograms 
(3 standard leads) were taken on 32 subjects in the 
basal state before and after 12 and 24 weeks of semi- 
slarvation which produced an average weight loss 
of 25% The electrocardiograms became definitely 
abnormal in 25 subjects Only the P-R interval, 
QRS interval, and the ST segment remained rela- 
tively unaffected At the end of semi starvation 
the average heart rate had dropped from 54 7 beats 
per minute to 37 2, associated with a narrowing of 
the range of cycle vanabilitv from 14 7 to S S per 
cent Sinus arrhvthmia disappeared coraplctelv 
The QT interval lengthened in proportion to the 
RR interval, so that Kqt (= QT/(R R)}) re 
mained constant The mechanical sv stole duration 
(measured from the electrophonogram) increased 
proportionally less tlian the R R interval, so that 
K,r»» became smaller The amplitudes of the P 
wave, QRS complex and T wave decreased and at 
the end of semi starvation were approximatclv 
half their original size Bhilc the interval changes 
attained their ma'ima bv the 12th week of scmi- 
starvation, the voltage cliangca were either con 
stantlv progressive (P wave, QRS comp’cx) or 
changed onlv after 32 weeks (T, T) Although the 
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volt^iges of nil ^\ftvcs docrcnsccl in ficmi starvation, 
the extent of the changes in the several waves 
showed little correlation Both the QRS axis and 
the T axis shifted to the right, this change being 
more pronounced in the T axis, so that the angle 
between both axes was reduced, indicating a 
changed direction of the rcjiolnrirntion All changes 
were highlj significant [37ii9 vnrl uat supported 
in pari wider a contract with the OJftcc of Sctentiftc 
Research and Development Support from other 
sources unll be acf non lodged ui final publication ] 

Maximum speed of movement ns n test of mus- 
cle function in different nutritional states Eusst 
SiMOXsox and Josir liiion k (bj invitation) 
Laby of Physiological llugicnc, Uritv of Minne- 
sota, Minneapolis, Minnesota (Read b} title ) 
Electrics! devices to measure the speed of a quick 
knee kick over an angle of 45° without and with 
load (10 pounds) were developed Sstisfactorv 
rcpcatabilitj and relative freedom from training 
effects were demonstrated Correlation of speed 
with strength (dj namometer) was absent in n 
group of nonwal individuals and was imperfect 
within the individual in different states of fitness 
and debilitj In 12 normal joung men the time for 
the complete motion averaged 101 S milliseconds 
(76 to 115) without load and 114 3 (85 to 123) with 
load Fourteen days of acute thiamine deficiency 
produced statistically significant increases of time 
with and without load (averages +7 21 and +9 72 
msecs , respectively ) After 6 months of semi- 
starvation (to 75% of original weight) 32 young men 
averaged 130 2 msecs (110-165) wntliout load and 
164 8 (133 to 227) with load The values of this 
group were significantly different from those of the 
group of 12 normal men During the 42 days of 
nutritional rehabilitation 16 of these men receiving 
2200 and 2600 Cal daily showed no improvement 
without load, and with load these men showed a 
small improvement (—10 msec ) In the same 
period the 16 men receiving 3000 and 3400 Cal im- 
proved significantly both without load (—6 3 
msec ) and with load (—19 7 msec ) [T/ns loork 
was supported in part under a contract with the 
Office of Scientific Research and Development Sup- 
port from other sources will be acknowledged in final 
publication ] 

Interplay of half-centers Jea.ne Siskee (by 
invitation), E T Hansen (by invitation) and 
Robert Gesell Univ of Michigan Dominant 
stimulation of the inspiratory half-center, by ap- 
plication of faradic shocks of moderate intensity to 
Hering’s nerve, increased the duration and 
strength of inspiration Stimulation of the superior 
laryngeal nerve in the course of such augmented 
inspirations suddenly interrupted the contractions 
of inspiratory muscles and initiated the expiratory 
phase of breathing Interruption of these inspira- 


tory coiitmcliona in, presumably, the result of 
rrciproral inhibition of the inspiratory half-center 
originating in the reflex activation of the expiratory 
half-renter Strong stimulation of Ilenng’s nerve 
was found to increase the strength of both inspira- 
tion and evpimlion and to shorten the period of 
inspiration This earlier interruption of the in- 
spiratory act IS partly attributed to the augmented 
nctivifv of the expiratory half-center and a con- 
sequently earlier reciprocal inhibition of the in- 
spiratory half-center 

The relative activation of the inspiratory and 
expiratory half-centers produced by stimulation 
of Ilcnng’s nerve seemed to vary from one animal 
to another Though decidedly more inspiratory than 
expiratory in most animals, Hcring's nerve was oc- 
easiorially found to be predominantly expiratory 
Such dominance tended to produce early interrup- 
tion of the iiispimtory net 

In one animal with expiratory dominance, intra- 
venous injection of urethane depressed the reflex 
response of the expiratory half-center to Henng 
nerv c stimulation more than that of the inspiratory 
hnlf-ccnlcr, thus changing breathing from a dis- 
tinctly expiratory to a distinctly inspiratory type 
Such drug action acquires greater interest if an 
interplay of half-centers exists in the higher in- 
tegrations as well as in the simpler motor in- 
tegrations 

The action of tyrosinase on proteins. Irwin W 
Sizer Dept of Biology, Mass Inst of Technology, 
Cambridge Both crude and highly purified mush- 
room tyTosinnsc has been demonstrated to oxidize 
the tyrosyl groups of such proteins as trypsin, 
pepsin, cbymotrypsin, casein, peptone, insulin, and 
hemoglobin It did not oxidize gelatin, protamine 
and gramicidin which do not contain tyrosine 
Certain proteins contaimng tyrosine were resistant 
to tyrosinase, these included egg albumin, human 
and bovine serum albumin, tobacco mosaic virus, 
human gamma globulin, bovine beta globulin and 
bovine fibrinogen AH of this group, which were 
studied, were oxidized by tyrosinase after a pre- 
liminary treatment with crystalline trypsin 

Several techmques were employed m 
the action of tyrosinase on proteins all of w 
methods yielded consistent data , these procedures 
included 1 the measurement of oxidation mono 
metrically from oxygen consumption , 2 the 
urement of phenolic groups using MiHons e 
on intact proteins, 3 the quantitative 
tion of tyrosine in protein hydrolysates, 
quantitative measurement of pigment pro nc 
in the blue-violet caused by the action of 
on proteins, 5 the measurement of ebanp in 
ultraviolet absorption spectrum especia ^ ^ 
mp at which wave-length the protein absorp i 
due to tyrosine and tryptophane 
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In contrast to most chemical reagents which 
react with the tyrosyl groups to destroy the biologi- 
cal activity of the protein, tyrosinase has no effect 
on the enzymatic activity of pepsin, trypsin, and 
chymotrypsin This difference may reflect the 
fact that oxidation of proteins b> tyrosinase is less 
extensive than by chemical agents 
Adrenal function following ovariectomy m the 
rat DoTiGiiAS E Smith (introduced by F A Hart- 
man) Depl of Physiology, The Ohio State Univ , 
Columbus Studies on sodium metabohsm and 
glyconeogenesis, processes known to be largely 
under the influence of the adrenal, were made at 
various times after ovariectomy of the sexually 
mature albino rat The effects of the operation on 
adrenal weight and on adrenal cholesterol and 
sudanophilic material were also determined At 10 
days after operation, no changes were found in any 
of the factors studied, but from the S6th to the 
245th (longest interval in these experiments) 
post-operative day it was observed that the plasma 
sodium level was sigmficantly increased, the 
amount of glyconeogenesis by the liver during 
fasting was about 2X normal, the adrenal weight 
was possibly slightly decreased and the choles- 
terol and sudanophilic material of the adrenal cortex 
were decreased These changes were considered to 
indicate that there is an increased secretory ac- 
tivity of the adrenal cortex following ovanectomy 
It 18 suggested that the increased secretory ac- 
tivity of the adrenal might be due to an increased 
secretion of adrenotrophic factor by the antenor 
pitmtary 

The effect of sympathectomy and tilting on 
arterial blood pressure, cardiac output and right 
atrial pressure in man Edwin L Smith (by 
invitation), B Yf Haynes (by invitation), and 
E I Evans Depls of Physiology and Surgery, 
Medical College of Virginia, Richmond Cardiac 
output, femoral artenal blood pressure and right 
atnal blood pressure have been studied in a senes 
of SIX hypertensive subjects before and after sym- 
pathectomy by the Smithwick techmquo A third 
senes of observations has also been made on the 
sympathctctomized patients after tilting them feet 
down at a 30° angle 

Sympathectomy produced an average drop in 
mean femoral blood pressure of 22 mm of Hg The 
values ranged from a drop of 50 mm Hg to an in- 
crease of 20 mm Hg Tilting caused an additional 
average drop of 18 mm Hg 

The average cardiac output was 3 2 liters per 
square meter body surface area before sympathec- 
tomy , 3 6 after sympathectomy and 3 8 when tilted 
These changes are not considered significant 

The nght atnal pressure dropped an av erage of 
2 1 cm of saline for the six cases following sympa- 
thectomy but was not altered by tilting [ll or} 


done under contract imth Office of Scientific Re- 
search and Development ] 

The protective action of cystme and methionine 
in rats exposed to methyl chloride Whiie 'W 
Smith Industrial Hygiene Research Lahy , Na- 
tional Inst of Health, Belhesda, Md Weanling, 
male, htter-mate rats in groups of 10, after a pre- 
liminary penod of 2 weeks on the specified diets, 
were exposed to methyl chlonde 2000 p pan , 6 
hours a day, 6 days a week, until death, diets being 
continued throughout the exposure penod Mean 
survival tune with a 9% casein diet was 8 day s, 20% 
casein 11 days, 25% casein 17 day s, 35% casein 30 
days, 47% casein 26 days, and 60% casein 23 day s 

When half of the amino mtrogen is in the form of 
the casein hydrolysate, amigen, with cy stme and 
methiomne contents balanced, survuval is length- 
ened to 20 days at the level of 20% and 36 days 
at 47%, 

If, instead of amigen, only cystme and methio- 
mne are used, when these amino acids are eqmva- 
lent to their content in the 20% casein diet the 
mean survival tune increases to 40 days, and to 
about 80 days when the diet contains 20% casern, 
0 143% cystme, and 0 945% methiomne (equiva- 
lent to the 47% casein diet) The protective action 
18 also demonstrated in better growth rates dunng 
exposures 

Unprotected rats usually die before the develop- 
ment of a neurological syndrome which the sup- 
plemented groups show late in the course of ex- 
posures 

The protective action of the ammo acids appears 
to be dependent upon potential sulfhy dry 1 content 
which IB not entirely available from protein The 
mechamsm of this action is now under in- 
vestigation 

The effect of pentobarbital sodium upon the 
resistance to asphyxia in the newborn Franklin 
F Snyder Depls of Anatomy and of Obstetrics 
Hanard Univ (Read by title ) In observations 
upon the r61e of anesthetic agents in asphyma of 
the newborn, the effect of pentobarbital sodium was 
investigated in a senes of rabbits at various stages 
of development, ranging from animals prematurely 
delivered at the time of onset of viability , to those 
obtained dunng early postnatal and adult life In 
agroup of 55 animals obtained from 25 litters pento- 
barbital sodium was injected subcutaneously in a 
dosage of 20 mg per kg Vi ithm one hour following 
injection, asphyxia was induced by ligation of the 
trachea The duration of respiratory movements 
following tracheal ligation was determined by aid 
of kymograph records using a plethysmograph at- 
tached to a recording tambour 

Observations sliowcd that following pentobar- 
barbital sodium the duration of respiratory move- 
ments was not shortened, but rather vas prolonged , 
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for instance, they persisted for 72 minules in pre- 
mature mbints born at 30 dajs In contrast, m 
non-injcc(cd controls of tlio same n;ic respiratory 
movements ceased at 55 minutes follow ing obstruc- 
tion of respiratory o\chango This result is even 
more striking when the baseline is represented b> 
the average survival time of animals succuinbing 
to oxygen deprivation by breathing nitrogen in- 
stead of air, in which case rcspiralorj movements 
cease at 41 minutes, in rabbits at 30 dajs It is of 
interest that the response to asphj \ia, ns expressed 
in terms of the survival time of the animal, was 
found to bo within reach of experimental modifica- 
tion, and especially that the duration ofrcspiration 
was prolonged [Supported by a grant from the 
John and Mary R Marklc Foundatton ] 

Accuracy of indirect determinations of biood 
pressure in the rat relation to temperature of the 
plethjsmograph and width of cuff S S Sonix 
(introduced by E M Landis) Dept of Physi- 
ology, Harvard Medical School, Boston, Mass The 
indirect plcthysmographic method of measuring 
systolic blood pressure in the rat’s tad has still 
been found unreliable despite the use of recently 
recommended modifications of technique Pre- 
liminary study indicated that the inaccuracy of 
the method arose in part from persisting xasocon- 
striction in the tail Warming the tail and plethya- 
mograph to 43 "C dilated the caudal artery, pro- 
duced clear arterial pulsations in the capillary tube 
of the plethysmograph, made the end-point more 
precise, and markedly improved the accuracy of 
the method The temperature and time for release 
of caudal vasoconstrictor tone were quite critical 

To measure the effect of release of caudal xaso- 
constnetor tone on the accuracy of the indirect 
method, systolic blood pressures were measured 
simultaneously (a) directly in the femoral artery 
(Hamilton manometer) and (b) indirectly in the 
caudal artery, with the plethysmograph at 20‘’C 
and 43 °C , using 10 and 40 mm occlusive cuffs 
With the 10 mm cuff and cool plethy smograph the 
error of the indirect method was —21%, warming 
the plethysmograph eliminated this error With 
the 40 mm cuS and cool plethysmograph the error 
of the indirect method was —27%, warming did 
not eliminate error but merely reduced it to 
-5 8% 

Falsely low indirect pressures with a narrow oc- 
clusive cuff away from the base of the tail, and 
the error of the wide cuff even w hen the tad was 
adequately warmed, suggested the existence of a 
pressure gradient along the caudal artery Mean 
blood pressures in the caudal artery at different 
levels measured by the micro-injection technique, 
compared to mean pressures in the carotid artery 
measured simultaneously, demonstrated such a 
pressure gradient which amounted to about 4% 


per cm in the proximal two thirds of the dilated 
caudal artery 

I ixed pcrsJs/cncp in iho rot of spina] reflex 
patterns rendered extremely malndaptirc by cross 
union of sensory ncrics (motion picture) R W 
Si’i itni Harvard Untv , Cambridge, Mass Nerves 
of the left hind foot were transected and crossed 
contmlatemlly to the pcriphcml stumps of the 
corrcsfionding nerves of the right foot, so thatafter 
nerve regeneration the right foot was reinnervated 
only by nerves that originally had supplied the 
left foot This led in all cases to erroneous contra- 
lateral localiration of stimuli applied to the rein- 
nervated foot and also to a reversal of hind limb re- 
flexes initiated through the crossed sensory nerves 
Although extremely maladaptive, the reversed 
reflex reactions nevertheless persisted without 
inhibition or correction by central nervous read- 
justment A full printed account of the ex- 
periments IS reported in J Comp Ncur , vol 78, 
pp 59-DO 

Influence of the Buperior colHcnlus upon the 
vcstlbulo-oculnr reflex E A Spiegel and N P 
SexLA (by invitation) Dept of Exp Neurology, 
Temple Untv School of Medicine, Philadelphia, 
Pa A comparison of the effect of unilateral section 
of the optic tract upon postrotatory nystagmus 
(Spiegel and Seals, Fed Proc 4*67, 1945) with that 
of unilateral occipital lobectomy (Wycis and 
Spiegel, Fed Proc 4 79, 1945) showed in cats that 
the directional preponderance of postrotatory 
ny stngmus toward the lesion lasts much longer and 
18 more intense after tractus lesion than after abla- 
tion of the area striata These observations sug- 
gested that retinal impulses inhibiting the vestib- 
ulo ocular reflex arc take their way not only* over 
the area striata, but also over a subcotical path- 
way* Unilateral lesions were therefore placed in the 
anterior corpora quadngenuna in cats, injury to 
the occipital lobe being avoided as much as pos 
Bible Rotation on an electrically driven Bdrdny 
cliair before and after operation showed that the 
lesion of one anterior corpus quadngeimnum was 
followed by a definite increase of the postrotatoiy 
nystagmus to the side of the lesion The same e ec 
of such a lesion appeared, when first a unilatera 
occipital lobectomy was performed, and the lesion 
of the homolateml superior colliculus was pro uce 
in a second operation, after the directions P'"® 
ponderance produced by the occipital lobec in 
had subsided It is inferred from these experunen 
that the anterior quadrigeminal body is inter- 
calated in a subcortical pathway ongmatmg m 
retina and carrying inhibitory impulses , 

of the vestibule ocular reflex arc concerned wi 
postrotatory nystagmus to the respective si e 
Loss of righting reflexes in experimental cere- 
bral concussion E Spiegel and M eie® 
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AdoU' (by invitation) Depts of Exp Keurology 
and Colloid ChemisiTp, Temple Umv School of 
Medicine, Philadelphia (Read by title ) In ac- 
celeration concussion produced by the blow of a 
pendulum to the freely movable head, one of the 
most staking signs observed in guinea pigs and cats 
IS the ammal’s inability to right the head from a 
Bide or banging position into the normal position 
The disturbance of righting outlasts the loss of 
the comeal reflev and apnea for from ten minutes 
to several hours It is often more pronounced in one 
side position than in the other, so that it cannot be 
simply attributed to general exhaustion, it also 
appears independently of anesthesia It maybe 
associated with signs of labyrinthine impairment 
such as disturbances in the appearance of post- 
rotatory njstagmus, but may be more prolonged 
than these latter signs Lesion of the penpheral 
labyrinth as assumed by Govons, Lewey and Grant 
in blast injuries, may play a contnbutorj rdle 
However, there is a transient loss not only of 
labynnthine, but also of body nghting reflexes, in 
cats also of optical nghting reflexes, the inability 
to right the head being found not only when the 
animal is held in the air, but also if it lies on its 
side on the ground 

Apparently one deals with a chiefly central, 
rather diffuse disturbance involving the mesen- 
cephalon in the case of the labyrinthine and body 
nghting reflexes and the cerebral cortex in the case 
of the optical nghting reflexes [Aided by a grant 
from the John ond Mory R Morhle Foundation ) 

The inhibition of enzyme formation S Spiegeu- 
iiAN (introduced by H B Steinbach) Dept of 
Bacteriology, Washington Unit) School of Medi- 
cine, Si Louis, Mo (Read by title ) The incuba- 
tion of non-dividing suspensions of S ccrcmsiae 
in the presence of excess galactose induces the 
synthesis of the enzyme system necessary for its 
fermentation This phenomenon has been used to 
study the physiology of enzyme formation It has 
been established that energy derived from either 
respiratory or fermentative metabolism may be 
used for enzyme synthesis although the former is 
more effective Interference with the oierall 
metabolism invanably results in the cessation of 
enzyme formation 

lO*’ M NaNi (as well as higher concentrations) 
completely prei ents anaerobic formation of enzyme 
although stimulating the rate of utilization of the 
fermentable substrate supplied If less than maxi- 
inal enzyme is allowed to form first and then azide 
IS introduced, no further cnznnc sj nlhesis occurs 
Rcmoml of substrate after enzyme formation results 
in disappeamncc of the enzyme from the cell at a 
rate proportional to metabolic tumoicr Such loss 
o! cnzvme can be prcicntcd bi halting cellular 
metabolism NaX,, howe' cr, can prc\ ent such dis 


appearance of enzyme even in cells metabolizing 
at maximal rate This would imply a close connec- 
tion between enzyme formation and breakdovrn 

The ability of NaH> to prevent utilization of 
metabolic energy for synthesis is quite general 
having been demonstrated for such diverse proc- 
esses as cell division, carbohydrate and ammonia 
assimilation, embryomc development, and re- 
generation Dimtrophenol was also found to pre- 
vent anaerobic enzyme synthesis Cyamde was 
however ineffective 

The site of uncoupling of phosphorylation from 
carbohydrate metabolism m the presence of 
NaNj S SprEGEEMAK and M D Kamen (intro- 
duced by H B Steinbach) Dept of Bacteriology 
and the MalltnclTodl Inst of Radiology, Washing- 
ton Unw School of Medicine, St Louis, Mo Oar 
previous experiments with P** showed that NaHi 
could drastically reduce phosphate turnover in 
yeast cells metabolizing sugar at normal rates 
According to the classical glycolytic mechamsm 
the equilibration of inoigamc P with the orgamc P 
of the cell occurs by the entrance of inorganic P 
into the carbohydrate cycle in two places (1) 
phosphorolysiB of glycogen, (2) the coupled oxida- 
tion and phosphorj lation of glyceraldeby de P to 
di-P-gly ceno acid 

Since it seemed most probable that the azide 
was affecting step (2) expenments were devused to 
examine the behaviour of the fermentative cycle 
at this level in the presence of axide It is well 
known that lAA is a strong inhibitor of the enzyme 
(glyceraldchyde oxidase) controlling this step It 
was reasoned that it azide modified the phos- 
phorylative mechanism at this step it might be 
expected that a parallel change in the sensitmty 
of the fermentation to lAA would appear, and such 
was found A concentration of lAA (2 X 10~*M) 
which was sufficient to inhibit fcrmantation com- 
pletely within 10 minutes in the absence of azide, 
took ISO minutes to bring the rate down to zero in 
the presence of5 X 10~>MKalvi,and failed toaffect 
the rate at all for the first 70 minutes Lower con- 
centrations of Bzido protected against lAA inhibi- 
tion to a lesser extent Higher concentrations con- 
tinued to lengthen the period of protection until 
inhibitory concentrations of aridc were reached, 
whereupon the protective action again lAA dis- 
appeared It was further found tliat no concentra- 
tion of azide could reverse the lAA inhibition once 
it was established nor was it at all effective against 
fluondo inhibition of fermentation 

These results are consistent with the iiy pothcsis 
that the azide disassociation of phosphory Lation 
from carbohy drato fermentation occurs at the step 
catalv zed by gh ceraldchv dc oxidase 

Mechanism of azide inhibition of sjxilhcfic ac- 
tivity and its relation to phosphorylation S 
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Spiegelman, M D Kamen, nncl RrnA Dusn (in- 
troduced by H B Stcinbich) Dept of Bacteri- 
ology and the MaUincl rodt Inst of Radiology, 
Washington Univ School of Medicine, St JjOuis, 
Mo (Read by tide ) NaNi in conccnlmlions wliicli 
do not noticeably influence respirator} actiMt} 
can inhibit such dnerse b} ntlietic processes as cell 
diMsion, carboh}dratc and NIIj assimilation, cm- 
br}onic development, regeneration, and cn7}mc 
formation 

On the assumption that P-bond cnerg} ns gen- 
erated b} the gl}colitic 8} stem forms the primnr} 
source of cnerg} for cell function and growth, c\- 
penments were undertaken to examine the effect 
of NaNj on phosphorous metabolism using P’* as a 
tracer ^Vll the experiments were done under 
anaerobic conditions with xenst cells fermenting 
glucose The time of the expenments was sufficient 
to allow 100 per cent turnoxcr of the acid soluble 
P and 35 per cent of the residue P in the controls 
In the presence of 5 X 10“’ M NaNi, w Inch permits 
a fermentation rate S5 per cent of normal, the P 
turnox’crs were 2 per cent and 0 7 per cent in the 
acid soluble and residue fractions rcspcctixcl} 
10“* M, which stimulated fermentation about 15 
per cent, reduced the P turnoxer in the two frac- 
tions to 10 per cent of normal Barium fractiona- 
tions of the acid soluble P w ere made and found not 
to differ appreciabl} from one another in their ex- 
change values Total phosphate determinations per- 
formed dunng the course of these experiments 
confirmed the findings obtained withmdiaactixc 
P Phosphate accumulation did not occur in those 
concentrations of NaN i which markcdl} depressed 
P turnover 

These results would suggest that the capacit} of 
NaNj to prevent cellular utilization of metabolic 
energy for synthetic purposes resides in its ability 
to dissociate carboh}drate metabolism from the 
generation of energy rich phosphate bonds The} 
would also imply that all the different s}nthetic 
processes mentioned abox'e as being inhibited by 
azide depend on P-bond energy for their accom- 
phshment 

Abnormal forms of the ballistocardiogram 
Isaac Stahb Umv of Pennsylvania The relation 
of the ballistocardiogram to cardiac output was the 
subject of a symposium of the American Physiologi- 
cal Society last year This report is concerned with 
another aspect of our work, the study of abnormal 
forms of the impacts Due to preoccupation with 
xvar-time research, it has been difficult to experi- 
ment, but the empirical study has now being going 
on for 10 years and certain conclusions can be drawn 
from it 

Abnormal forms are found most commonly in the 
older age groups They often occur in the smaller 
complexes of the respiratory cycle while the larger 


remain normal The} arc tisuall}, but b} no means 
alwn}B, associated with other clinical evidence of 
heart disease The} apjicar frequently after an 
eldcrl} person has been subjeeted to a sex ere opera 
lion and usiiall} disappear when he rccoxers 
(Starr and Ma}ock ) Abnormal forms liave been 
produced cxpcrimentall} b} a procedure which 
diminishes xenons return (Starr and Fnedland) 
The relation to the electrocardiogram xarics In 
some cases in xxhicli the electrocardiogram shows 
both nonnal and abnormal beats, these changes are 
accompanied b} similar xanations in the ballisto- 
cardiogram In other cases, sex ere clcctrocardio- 
gmphic abnormalities arc not accompanied by 
ballistocardiographic abnormalities, and the re- 
xerse IS also true The electrocardiogram and the 
ballistocardiogram gixc cxidcncc of two aspects of 
cardiac function not ncccssanl} associated, the 
former detecting localized lesions better than the 
latter But the electrocardiogram is little, if at all, 
affected b} major changes in the strength of the 
heart’s contraction which effect the ballistocardio- 
gram profoundl} , so the latter gives superior in- 
formation concerning cardiac strength or weakness 
The action of adrenaline and acetylcholine on 
partially isolated neurones of the central nerrons 
system GEOnoE W Staxti.xkt Dept of Physi- 
ology, Univ of Western Ontario Medical School, 
London, Canada It was shown both in experi- 
mental animals and in human beings (Stavraky, 
G W , Tmns Ro} Soc Canada, 37 127 1943 
Fisher, S M and Staxiak}, G W , Am J Med 
Sci 208 371, 1944) that aseptic removal of vanous 
portions of the cerebral hemispheres results in a 
lasting sensitization of some remaimng parts of 
the central nervous system to injections of acetyl- 
choline and acetyl-bcta-mclholcholine 

It IS now found that intravenous injections of 
adrenaline into unanaesthetiscd, semidecerebrated 
or frontal-lobecfomizcd cats lead to asymmetnem 
respionses which resemble somewhat those elicited 
by acetylcholine Quantities of adrenaline under 
0 03 mg per Kg cause a predominant dilatation o 
the contralateral pupil and some extensor rigidity 
in the contralateral extrermties Injections of 0 
mg of adrenaline per Kg have the same effect on 
the pupils, but cause imtial flexion and weakness 
of the contralateral forelimb which in 45-60 secon s 
IS superx ened by extensor rigidity Injections o 
0 1 mg of adrenaline per Kg produce at s i a 
more marked dilatation of the ipsilateral pupi an 
flexion and weakness of the contralateral 
ties These effects last about 2-4 minutes an a 
followed by a 2-4 minute phase dunng w ic 
contralateral pupil is wider than the ipsi a 
one and the contralateral extremities show exten 
hypertonicity 

In cats in which facilitation of responses is 
duced by repeated injections of acety c o , 
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adrenaline causes quick thrusts of the contra- 
lateral forelimb and asymmetncal convulsions 
similar to those produced by acetylcholine When 
injected in appropriate amounts, with or before 
acetylcholine, adrenaline counteracts the imtial 
generalized convulsions evoked by acetylcholine, 
accentuating the secondary asymmetric motor 
mamfestations produced by this agent In large 
quantities, adrenaline counteracts both effects of 
acetylcholine 

Observations on the synergistic effects of vari- 
ous antispasmodic compounds and nembutal on 
colon activity in normal adult mates F R Steq- 
OERDA, R K Richards, and Justin Hobkstra 
(by invitation) Bepl of Physiology, Univ of 
Illinois, Urhana, Illinois, and Dept of Pharma- 
cology, Abbott Laby North Chicago, Illinois Into 
adult male subjects who had recently defecated and 
had had a light breakfast two hours previous to the 
time of the experiment, an unprovided open tipped 
catheter tube was inserted four to five inches 
beyond the anal sphincter Then by injecting 500 
to 900 cc of air into the lower colon via the tube 
and making connections with a water manometer 
a senes of continuous contractions from the dis- 
tended colon could be recorded on a smoked drum 
By oral adraimstration of an antispasmodic com- 
pound, either with or without the addition of 
Nembutal, the time of onset and duration of the 
inhibition of colonic activity could be recorded 

The tracings indicate that when a dose of 100 mg 
of Amethone (A P 43) is taken orally, there occurs 
an inhibition of colonic activity in approximately 
30 minutes, lasting for about 40 minutes However, 
when 25 mg of Nembutal are taken simultaneously 
with the antispasmodic compound, the period of 
inhibition lasts at least 60 per cent longer That 
this prolonged inhibitory effect, following the ad- 
ministration of the two drugs, is synergistic in 
nature is supported by the fact that when Nem- 
butal IS taken alone, there is no evidence of any 
inhibition taking place 

Evidence is also available to support the conclu- 
sion thatPavatnne acts similarly to Amethone with 
Nembutal, whereas other expenments indicate 
that Trasontine and Syntropan do not show a 
synergistic effect with Nembutal 

The two basic mechanisms of sensory dis- 
crimination S S Stevens Hanard Univ The 
by pothcsis is proposed that sensory discrimination 
IS mediated by two processes distinguishable at 
the phy siologidal level the one additive, the other 
sii!)s(i(u(trc Excitation may be added to excitation 
already present, or new excitation may bo substi- 
lu/cd for excitation tliat has been rcmoicd Ex- 
ample w 0 hear loudness differences when to neural 
Units already excited there are added newly ac- 
tivated elements, wo hear pitch differences when 
in place of units prcMousU nctiac there arc sub 


Btituted umts newly excited Different sets of 
general laws govern the two types of sensory dis- 
criminations (1) In terms of their subjective 
magmtude, just noticeable differences 0 u d ) are 
imequal when the physiological process is additive, 
equal when the process is substitutive In other 
words, the subjective scale for perceived loudness 
cannot be obtained by adding up j n d , whereas 
the integrated j n d for pitch agree closely with 
the scale for subjective pitch (2) Discmmnations 
based on additive processes show a systematic 
“time-error,” i e the apparent magmtude of the 
difference vanes with the time interval separating 
the two stimuli, but the timeerror is absent when 
the underlying process is neural substitution Thus 
there is a timeerror in judgments of loudness, but 
not in the discnmination of pitch 
The effect of various degrees of infenmftent 
anoxia on body weight loss in normal rats J 
CuFFOBD Sticknet Dept of Physiology, School 
of Medicine, West Virginia Univ , Morgantown 
Six adult rats were exposed for 3i hr twice weekly 
to vanous simulated altitudes (0, 4000, 8000, 14,000, 
18,000 ft ) by means of a low pressure chamber 
Body weight losses were determined by weighing 
the rats immediately before and after each expen- 
ment The rats were placed in indmdual metab- 
olism cages BO that urme and feces could be col- 
lected and weighed separately The temperature 
and relative humidity' within the low pressure 
chamber were recorded for each experiment 
The average body weight loss for 16 control de- 
terminations was 13 9 mg /grams body weight, 
of this, 2 7 mg /grams was unne , 2 3 mg /grams 
was feces and 8 9 mg /grams was "net loss” through 
evaporation from the lungs, etc 
The increases (34^39 5%) in “net loss” were 
sigmficant at 8000 ft and above, in unne (107 4- 
631 8%), at all altitudes, in feces (75 5-153 4%), 
at 8000 ft and above As a rule they were projxir- 
tionai to the altitude 

A second group of younger adult rats exposed 
similarly to 24,0(W and 28,000 ft showed increases 
in “net loss” and feces that were consistent with 
those of the first group, but the increases in unne 
were considerably less than were expected 
It IS concluded that in adult rats the thresholds 
to anoxia for increased “net loss” and feces arc 
near 8000, while that for unne is near 4000 ft , 
and that anoxia increases bodv weight loss in pro- 
portion to Its seventy over the range studied 
Effects of carbon dioxide administration on 
cerebral metabolism in hypoxia It E Stoxe, 

J E IVrBSTnn (by invitation), J Kopxla (by 
invitation) and E S GunniivN (by invitation) 
ITuvnc Univ College of Medicine and Grace IIos 
pital, Detroit Lactic acid, acid soluble phosphorus 
compounds, plueo'c and glv cogen were determined 
in cerebral tissue froicn in »ifu (morphinircd 
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doge) Ilypoxia of 16 minutes’ dumtion produced 
by administration of o\ygcn-nitrogoii mivturcs 
caused increased cerebral lactic acid, partial de- 
composition of phosphocrcaliric, no significant 
changes m adcnosino triphosphate, glucose or 
glycogen Addition of 6-0% carbon dio\idc to tlio 
gas mixture diminished the effects of hjpovia 
The beneficial effect of carbon dioxide was due in 
large part to increased oxjgcn tension of the ar- 
terial blood (respimtory rcspoiiso) improxed 
cerebral circulation also appeared to be a factor 
since the effect of carbon dioxide on ccrcbml lactate 
was more evident when lactate was plotted against 
arterial oxjgcn tension than xxlicn lactate was 
plotted against ccrcbml venous oxjgcn tension 
Even in the latter case a small effect of carbon 
dioxide was apparent 

Cerebral levels of lactate and pliospliocrcatinc 
correlated better with the oxjgcn tension of cere- 
bral venous blood than xxitli that of arterial blood 
The cerebral clianges showed no correlation with 
changes in arterial or ccrcbml xenous carbon 
dioxide tension or pH, at comparable lex els of 
cerebral venous oxygen tension 

Hyperventilation due to the hjpoxia caused a 
drop in blood carbon dioxide tension which xxas 
diminished but not always complctclj counter- 
acted by administration of 5-C% carbon dioxide 
At normal oxygen levels, addition of 6-0% carbon 
dioxide to the respired gas mixture increased blood 
carbon dioxide tension but did not affect the lex els 
of the cerebral constituents studied 

An instantaneously recording cardiotachometer 
R E Sttjum (by invitation) and E H Wood 
Acceleration Laby , Mayo Aero Medical Unit, 
Rochester, Minnesota An instrument has been 
developed which continuously and instantane- 
ously records the heart rate In pnnciple, the 
device consists of an electrical circmt which de- 
flects a galvanometer at a constant rate, the swing 
of the galxranometer is interrupted and returned to 
the zero position instantaneously second) by 
the R-wave of the electrocardiogram Thus, the 
length of the galvanometer deflection is propor- 
tional to the interval between successive R-w'aves 
and when used with a suitable camera the dcxnce 
plots a graphic record of the heart rate with each 
heart beat 

The instrument was designed to allow convenient 
study of the rapid changes in heart rate which occur 
m man dunng exposure to positive acceleration 
and for this purpose has been extensively and 
satisfactorily used in this laboratory for some 
years It has been found that throughout the period 
of progressive failure which is encountered during 
the first six to eleven seconds of exposure to posi- 
tive gram the heart rate rapidly increases If the 
acceleration is maintained, the period of compensa- 


tion then occurs and this increase is checked and 
the heart rate is usually slowed 
Although ns used in these studies the instrument 
IS nctixntcd bj the R-wavc impulses of the elec- 
trocardiogram, it can casilj bo adapted to record 
the pulse rate from opacity, xolume or pressure 
pulse impulses Also, bj appropriate modification 
it can be used to record the instantaneous rate of 
occurrence of other phenomena which produce or 
can bo made to produce changes in electrical po- 
tentials [Worl done under contracts with (f) 
United , Slates Army Air Forces, Wnght Field, 
Dayton, Ohio, and (£) the Office of Scientific Re- 
search and Development, National Research Coun- 
cil, Washington, D C 

The effect of massage upon denervation atrophy 
of skeletnl muscle Mitzi I SusKmn (bj invita- 
tnion), Norma M Ilajek (bj invitation) and H M 
IIiNFs Dept of Physiology, State Univ of Iowa, 
Iowa City (Read bj title ) The gastrocnemii of 
cats were subjected to total denervation either by 
sectioning or crushing the tibial nerves The gas- 
trocnemius of one limb was massaged tvnee per day 
for periods of 6 minutes The denerxated untreated 
muscle of the contralateral limb was used as a con- 
trol Studies were made at xanous times after de- 
nervation of the weight and strength as measured 
by maximal isomctnc tension responses of the 
treated and untreated muscles 
The denerxated muscles which receix'cd massage 
treatments were consistently heavier and stronger 
tlmn their controls When the treatments were ex- 
tended into the penods of reinnervation and regen- 
eration the differences tended to be equalized The 
beneficial effects of massage were more apparent 
upon strength than upon weight changes Electneal 
stimulation of the denerxated gastrocnenuus of the 
cat was found to be more effectixe in the retarda- 
tion of weight loss than of strength loss 
Explosive decompression — human subjects 
(motion picture) H M SwEENEvandH M Joefb 
(by invitation) Aero Medical Laby , Air Technical 
Service Command, Wright Field, Dayton, Ohio The 
effect on the body of rapid loss of pressure in pres- 
surezed aircraft (explosive decompression) results 
from the rate and extent of expansion of internal 
body gases The rate is dependent upon the volume 
of the pressurized container, size of aperture, an 
differential pressure The extent of expansion is 
dependent upon the differential pressure and tne 
pressure altitude at which decompression takes 
place With these basic factors in mind, progressive 
experimental decompressions were done on human 
subjects to prove the safety of useful pressure i 
ferentials for the various types of aircraft 

More than two hundred human experiments nave 
been done to prove the safety of the presen 
recommended pressure differentials At t e m 
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ment of decompression, the subjects expenenced a 
sense of inflation in the chest and abdomen and a 
rush of air from the mouth and nose Few cases of 
gas pain were encountered, and roentgenograms to 
depict the amount of gas harbored in the gastro- 
intestinal tract did not show any positive correla- 
tion Ear pain was not expenenced 

(This 18 a 16 mm sound safety film and takes 
approximately 28 nunutes to run at a speed of 24 
frames per second ) 

The nature of circulatmg estrogen Clara M 
SzEQo and Sibnet Roberts (introduced by Hud- 
son Hoagland) Worcester Foundation for Experi- 
mental Biology, Shrewshury, Mass The presence in 
the circulation of injected estrogen is inadequate to 
cause uterine water imbibition Thus, this response 
does not occur in the ovanectomized, eviscerated 
rat (Szego <S. Roberts, Endocrinology, 36 104 

1945) 

In an attempt to elucidate the conditions under- 
Ijing estrogen activity in vivo, we undertook stud- 
ies of the nature of circulating estrogen The in- 
vestigations involved (a) chemical fractionation 
procedures, (b) behavior of blood estrogen with 
respect to artificial membranes 

(a) The chemical fractionation procedures in- 
cluded, in part, blood protein precipitation with 
cold acetone, followed by extraction of the super- 
natant material and of the undenatured protein 
subjected to partial hydrolj sis 

The results on bloods of several species, including 
gravid and gonadotrophin injected animals, indi- 
cate that 

1 there is very little free estrogen in blood, 

2 a large and constant fraction (67%) appears 
to be intimatclj bound to protein, 

3 the estrogen in the supernatant material is in 
relatively simple conjugated form, possiblj 
partly the glycuronidate, and partly the sim- 
ple sodium salt 

(b) We liave found pure estrogens in simple so 
dium salt form or in the free state dialyze quantita- 
tiiclj through a collodion membrane Moreover, 
natural blood estrogen is also frcclv dialj zablc in 
amounts which compare quantitatively with values 
found by cxliaustivc chemical extraction 

The data indicate that the postulated estrogen- 
protein complex probablj dissociates in accordance 
with the mass action law This suggests that estro- 
gen bound to protein is potentiallv available for 
pliv Biological action 

The alxiv c results bear on the fundamental prob 
1cm of steroid transport and nctivntv in nro 

4 Isnal areas I and 11 of cerebral cortex of rabbit 
S V.TAinoT, C X,WooisrT, J M Tnoiirsox, 
(bv invitation), 11 ifmcrOp/itftafmofofficaf /nst and 
Dept of Pbvsiologu, Johns Ilopl ins Ifcdicof 
School The cortex of (ehinebilla) rabbit which 


responds electncally to photic stimulation of the 
eve, mcludes Rose’s areas Stnata, Parastnata, and 
Occipitalis This is divided into a posteromedial 
three-quarters (Area I), and an anterolateral quar- 
ter (Area II), by a diagonal line representing the 
retinal decussation or vertical mendian through 
gaze This mendian in the visual field lies about 20° 
from the sagittal plane of the anesthetized animal 
Areas I and II are projected with reversed topog- 
raphy, as with cat’s 17 and 18 Area 11 coincides 
visuallj with area I along the vertical mendian 
The lateral field has been found represented out 
to 100° in area II and to 150* in area I 

Central vision has a region of high cortical resolu- 
tion (about i that of cat), which suggests that the 
rabbit can utilize parallel fixation The binocular 
fields I and II occupy about 2i mm of cortex on 
either side of the vertical mendian line This covers 
nearly 45° of contralateral field seen through the 
ipsilateral eye Projection of ipsilateral field has 
not appeared 

The honzontal mendian projects close to the 
posterolateral border of the visual cortex, in both I 
and n, except for a strong medial dip about the 
vertical mendian line, through central vision Con- 
sequently the upper visual field has small repre 
sentation except here The projection of lower field 
below 15° is compressed similarl j There appears at 
about 70° honzontally from centralis, a second 
region of slightly increased cortical resolution (like 
the second fovea of birds) This would serve lateral 
attention without mov ement [This icork teas aided 
by a grant from the John and Mary R Marble 
Foundation ] 

The axial stream in the aorta of dogs and cats 
A N Tatlor and H J Ralston (introduced bj 
Enc Ogden) Dept of Physiology, Univ of Texas 
Medical School, Galveston, and College of Physi- 
cians and Surgeons, San Francisco The insertion 
of a thin walled glass tube into the artenes of dogs 
and cats to observ e the flow pattern of injections of 
India ink has been desenbed bj us (Ralston and 
Taylor, Am Jour Physiol vol 144, p 706, 1945) 
The normal flow from the left ventricle to the 
femoral artery appears streamlined Oaminar, vis- 
cous) and the axial filament docs not appear to be 
diverted by the major branches (cocliac, mesen- 
teric, renal) Tmung the passage of ink from the 
nghtand left ventricles to the femoral artery gave 
measurements of the pulmonary circulation time 
and of the v elocitv of the blood in the arterial circu- 
lation The arterial velocity , thus studied, was the 
same for the cats and dogs (ca 17 cm /sec ) and 
Rcvnolds’ number in thc«c exponments hasa value 
well below tliat for turbulent flow Pulmonary cir- 
culation time was 2 to 5 seconds in both cats and 
dogs The cxpcnmental procedure may have af- 
fected the circulation Any solution introduced into 
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the circulatory system probably assumes the pat- 
tern of a broad band with a parabolic front At in- 
creasing distances from the point of injection the 
front IS progressively more pointed and ultimately 
becomes an axial filament Tliexclocitj of the front 
of this axial filament represents the maximum 
velocity attained and is twice the average xclocity 
of the blood stream Tins should be borne in mind 
in the interpretation of circulation times 
Some effects of extreme heat and humidit} on 
man Craiq L Taiioh and John P MAiinAiiorn 
(by invitation) Aero Mcdtcal Laby , Air Technical 
Service Command, Wrtghl Field, Dayton, Ohio Fur- 
ther studies of the heat tolerance of sitting resting 
man liave been earned out In the present senes 
five nude subjects were tested in ten environments 
which varied in environmental temperature from 
100 to 154 °F and vapor pressure from 10 to 46 mm 
Hg Rectal and skin temperatures wore continu- 
ously determined by thermocouples, heart rates bj 
palpation, and sweat loss b 3 means of a balance 
Drip swreat was collected and measured 
Since elevations of heart rate, skin temperature, 
and sweat loss were found in all exposures (and of 
rectal temperature in all but the mildest condi- 
tions) a varying degree of hj perthermia was the 
rule Evaluation of the four phj Biological measures 
showed that heart rate, and skin and rectal tem- 
peratures could bo combined to jield an index of 
the degree of heat strain, but that sweat loss could 
not be included in such an index because it vaned 
with certain environmental conditions independ- 
ently of the degree of hyperthermia Thus, for 
equivalent elevations of heart rate, and body tem- 
perature, sweat loss was higher if (a) the vapior 
pressure was low, (b) the air movement was in- 
creased, and (c) clothing was worn 
At constant vapor pressure (10 mm Hg), the 
index of heat strain increases disproportionally 
with environmental temperature At constant tem- 
pemture (100 "F ), the index does not vary signifi- 
cantly with humidity until approximately 30 mm 
Hg vapor pressure (60% RH) when it increases 
markedly These data show that quite different 
physiological effects result from exposure to hot- 
dry as compared with hot-humid environments 
The effect of six months of semi-starvation on 
the maximal oxygen intake Henry Lonqstreet 
Taylor Lahy of Physiological Hygiene, XJniv 
of Minnesota, Minneapolis, Minnesota The maxi- 
mal oxygen intake was determined at 3 month in- 
tervals on seven men who under-went six months of 
semi-starvation (cf Keys, Fed Proc 1946) Ex- 
pired air was collected from 1'45'' to 2'45'' of a 
three-minute run at seven miles per hour and at 
grades which varied from zero to 12 5 per cent, de- 
pending on the capacity of the subject In each ex- 
perimental period, determinations were made at 


two work levels to demonstrate that maximal 0: 
intake had been attained Average values of 3 35, 
2 33 and 196 liters of oxygon consumption per 
minute were obtained for the control period and 12 
weeks and 21 weeks of semi-starvation respec- 
tively Expressed ns cc of oxygen consumption per 
kilo, the values were 18 2, 41 7 and 37 1 The sub- 
jects had definite edema at 12 and 21 weeks of star- 
vation Active tissues, calculated from measure- 
ments of body specific gravity (fat), thiocyanate 
space, blood v'olume and an estimated figure for 
bone were 30 5 kg in the control period and 18 0 
at 21 weeks of semi starvation Oxygen was used at 
a rate of 0 110 liters per kg of active tissue dunng 
the control period and 0 100 liters per kg at the end 
ofsemi-starvntion Since the blood hcmogclobin con- 
centration declined 22 per cent, it appears that in 
starvation either the arterial-venous difference in- 
creased or there was an increase in cardiac output 
per unit of active tissue [This work was supported 
tn pari under a contract with the Office of Scientific 
Research and Dciclopmcnt Support from other 
sources will he acJ noirlcdgcd in final publication ] 
Effect of p-nmlnopropiophcnonc Induced methe- 
moglobinemia on the oxygenation of working mus- 
cle in human subjects Jay Teiteriian* and Oscar 
Bodansky* (by invitation) Biochemistry Section, 
Medical Division, Chemical Warfare Service, Edge- 
wood Arsenal, Md It has been found that methe- 
moglobinemia induced by p aminopropiophenone 
(Vandenbclt cl al ,J Pharm Exp Therap 80 31, 
1944) protects dogs against the lethal actions of 
hydrocyanic acid and of cyanogen chlonde, and 
that the efficacy of this protection is related to the 
degree of methemoglobinemia at the time of gassing 
(Bodansky' and Jandorf, to bo published) Since 
p-aminopropiophenone was considered to be a po- 
tential prophylactic agent against cyanide poison- 
ing in man, it was necessary to estimate the effect 
of methemoglobinemia on the oxygenation of work- 
ing muscle in human subjects 

The rise in blood lactic acid over the resting level 
follow ing a threo-mmute bout of measured exercise 
on the cycle ergometer was used as a test of work 
efficiency Six healthy young male subjects, after 
training on the cycle ergometer for three weeks, 
showed good consistency of performance in tests 
performed on consecutive days at the same wor ' 
load When they worked at the rate of 4680 foo 
pounds per minute, lactate rises were small (from 
10 to 25 mg per cent), and exercise in the presence 
of 7 7 to 17 9 per cent, methemoglobinemia resulteu 
in no excessive accumulation of lactate m o 
blood When the same men exercised at rates vary- 
ing between 6550 and 8420 foot-pounds per minu e 
in the presence of 10 0 to 19 8 per cent met emo 
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globmemia, tbeir maximal blood lactate nses '(vere 
15 to 56 per cent higher than were their peak con- 
centrations on the control day 
The effect ol thionracil administration on the 
snccinoxidase and cytochrome oxidase of rat liver 
Sajittel R Tipton and W L Nixon (by invita- 
tion) Dept of Physiology and Pharmacology, 
Medical College of Alabama, Birmingham, Ala- 
bama Oral admimstration of 100 mgs of thiouracd 
per day to hooded rats of the Long-Evans stram 
(weight 150-250 grams) for 3-4 weeks led to a sig- 
mficant decrease m the activity of the succm- 
oxidase and cytochrome oxidase of the liver Con- 
trols showed a liver snccinoxidase Qoj of 108 7 ± 
353 (S E ) and a cytochrome oxidase Qoi of 
410 6 rfc 18 94 After thionracil the values were 
77 4 ± 12 96 and 315 3 ± 58 99 respectively Sub- 
cutaneous injection of 2 ml of thyrotrophic hor- 
mone daily for 1-2 weeks resulted in increased Qo, 
values for liver succinoxidase (1330 ±41) and 
cy toohrome oxidase (731 4 ± 18 24) If thionracil 
and thyrotrophic hormone were given simultane- 
ously the enzyme values did not differ appreciably 
from those of control rats Thionracil admimstra- 
tion to thyroidectonuzed rats had no sigmficant 
effect on the liver enzymes A 50 mg % solution of 
thiouracd had no effect on the liver respiratory 
enzymes in tnlro It appears that the thiouracd 
effect on the succinoxidase and cytochrome oxidase 
of the liver is due to indirect action of the drug on 
the thyroid gland and its production of thyroid hor 
mono and not to a direct action of the drug on the 
liver cell [Aided by a grant from the Univ Re- 
search Committee ] 

Some properties of maximal electroshock sci- 
xures* James E P Toman, Ewart A Swintard* 
(bv invitation), and Louis S Goohman Depls of 
Physiology and Pharmacology, XJniv of Utah 
School of Medicine, Salt Laic City, Utah &izurcs 
produced in rabbits, cats, and rats by alternating 
current intensities more than 20% above threshold 
were constant in pattern and duration, and inde- 
pendent of intensity and duration of stimulation 
Such “maximal” seizures were almost entirely 
tonic in diameter, and were predominantly flexor 
during the first one third and extensor thereafter 
Continuous or intermittent stimulation during 
maximal seizures did not modify them, nor did pre- 
vious Ion enng of threshold by metrazol or by cel- 
lular hydration duo to acute extracellular elec- 
trolyte depletion (isosmolar glucose, i p ) 

The extensor tonic component of maximal sei- 
zures could be abolished bv frequent repetition or 
b\ clinically effective anticpilcptic drugs in do>!e 3 
not causing neurological deficit Diphenvlhv- 
dantoin and phcnobarbital were effective in doses 

* Aided by ft rmal from the Hwftrcb Fund UniTmjtr of 
Utfth School ct Mcdlrinc 
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less than one-half that required to produce neuro- 
logical signs, tndione was effective in 70% of the 
neurological dose, sodium brormde was just effec- 
tive at depressant dose levels Other barbiturates, 
hydantoinates, and oxazolidme-dione derivatives, 
and benzimidazole were found effective 

Ability of drugs to abolish the tome extensor 
component of maximal seizures was independent of 
their relative ability to increase normal electro- 
shock seizure threshold For example, diphenyl- 
hydantoin was effective in doses which failed to 
increase seizure threshold, and remained effective 
even in toxic doses which lowered threshold 

EEG observations dunng maximal seizures and 
following their modification by drugs suggested 
that antiepileptic agents may act by some mecha- 
msm other than increase in neuronal threshold to 
reduce the rate and quantity of energy expenditure 
in seizure discharges 

A eompariBon of tune relations in convulsive 
and nonconclnsive responses to cortical stimula- 
tion ‘ (Read by title ) James E P Toman and E 
A Swintard’ (by invitation) Dept of Physiology 
and Pharmacology, Univ of Utah School of Medi- 
cine, Salt Lai e City, Utah Voltage-capacity data 
for non-convulsive cortical discharges elicited by 
single cortical shocks in unanesthetized rabbits 
reveal an excitation constant of the order of one 
millisecond Likewise, for production of seizures 
by alternating current of variable frequency, or by 
repetitive thyratron discharges of vanable 
frequency or pulse duration, the calculated excita- 
tion constants compare with those for peripheral 
neurones However, if total duration of stimulation 
18 vaned while pulse form and frequency remain 
constant, the time for 50% development of excita- 
tory slate IS approximately 2 seconds A similar 
penod for 50% decay of excitatory state is found 
when seizures are elicited by summation of brief 
inadequate stimuli 

For non-convulsive EEG responses in rabbits, 
the recovery process is half completed in 0 1 to 0 2 
seconds when thresholds are tested by a second 
shock For seizures, 3 to 4 minutes are required for 
50% recovery in rats and rabbits 

As reported elsewhere in these Proceedings, 
seizures elicited in rabbits, cats, and rats by 
stimuli above a critical threshold adhere to the 
"all-or none” law in respect to their independence 
of stimulus intensity The brain is completely in- 
excitablc to intcrcurrent stimulation during such 
"maximal" seizures Their unmodifiability sug- 
gests that the brain max act ns a maximally sclf- 
rccxciting syncytium when central inhibition is 
tcmporanlv abolished dunng seizures Such a 
unitary excitable svstem might bo expected to 
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have properties qualitatively similar to those of 
individual neurones, but i\ith time cliamclcnstics 
of a different order of magnitude 
Effect of scrum and its fractions on ncetjl- 
cholinc synthesis Clara. Touda and Harold G 
Wolff New York Hospital and the Dcpls oj Medi- 
cine {Neurology) and Psychiatry, Cornell Umv 
Medical College, New York N Y In the presence 
of serum or spinal fluid of patients iiith m3 as- 
thenia gravis less acetylcholine is 83nthosi7cd by 
an in vitro frog brain preparation than in the pres- 
ence of serum or spinal fluid from healthy subjecls 
(C TordaandH G Wolff, Science, 98 221,1013, 
100 200, 1944, J Clin Invest , 23 019, 1914) 

The question consequently’ arises as to the nature 
of the substances in normal scrum that affect 
acetylcholine synthesis This subject is being in- 
vestigated by fractionating scrum ultrafiltrates in 
various nay's and comparing the action of the frac- 
tions with the results obtained by' adding to the 
enzyme preparation compounds tliat arc presum- 
ably present in the fractions used To date there 
IB good agreementbetween the tiio ty pcs of studies 
Referred somatic pain docs not follow a simple 
“segmental” pattern Janet TnAiELLand Nor- 
ton H Bigelow (introduced by McKcen Cattcll) 
Dept of Pharmacology, Cornell Univ Medical 
College, New York, N Y During treatment of 
skeletal muscle pain by local infiltration in a largo 
group of patients, wo mapped the distribution of 
pain referred from various muscles In such sub- 
jects, needling spontaneous “trigger arcas”induccs 
referred pain as clearly perceived ns that induced 
by hypertomc saline in normal muscles The dis- 
tribution of pain referred from a given site is essen- 
tially the same by either techmc 
Several sigmficant pain patterns are illustrated, 
some reduplicated in as many as 100 subjects Like 
others, we found that the distribution of referred 
somatic pain is remarkably constant for the struc- 
ture stimulated, which implies fixed anatomical 
pathways We noted, however, that pain reference 
may exhibit a pattern which cannot be explained 
by the prevailing concept that referred somatic 
pain follows a simple “segmental” or nerve root 
distribution Detailed analysis of pain patterns 
showed that although pain referred from difierent 
sites may fall entirely within the reference area 
attributed to one segment (Kellgren Clin Sc , 4 
35, 1939 , Inman and Saunders, J Nerv and Ment 
Dis , 99 660, 1944), it is usually perceived respec- 
tively in different portions of this area Further- 
more, the reference from a single site may com- 
prise fragments of several “segmental pain areas” 
without including any one entirely, or may take 
in a whole “segmental area”, skip the adjacent one 
and reappear distally Consequently, referred 
somatic pain must involve special spinal pathways 
The bearing of these findings on the mechamsm 


of p-iin reference from somatic structures is dis- 
cussed 

Influence of (hyrofropln on iodine metabolism 
in the thyroid glands of hypophyscctomlzcd rats 
W P VANDFnLAANand A Bihseil (introduced by 
E B Astwood) Dept of Medicine Tufts Medical 
School and the Jos II Pratt Diagnostic Hospital, 
Poston Observations were made concerning the 
influence of thyrotropin on the lodin concentration 
in the thyroid glands of 21 to 25 day-old rats which 
had been hyjxiphyscctomizodnnd fed 0 1% propyl- 
thiouracil 48 hours before the injections of thyro- 
tropin were begun It was found that the iodine 
concentration fell and that this fall was a function 
of time and dose When 5 mg of thyrotropin (3 to 
4 Junkmann-Schoellcr units per mg ) were daily 
injected subcutaneously the thyroid iodine con- 
centration fell in 6 days from the initial value of 
60 to D 4 mg per 100 grams Between the amounts 
of 0 03 and 1 0 mg thyrotropin given daily for 5 
days the dccrc'ise in thyroid iodine concentration 
was projxirtional to the dose This method proved 
useful for as'^ay purjioscs It was found that in 
hy pophyscctomizcd rats neither propylthiouracil 
nor thyrotropin alone lowered the thyroid iodine 
concentration in the 5 day period 

By preventing thy roid hormone synthesis with 
propylthiouracil and by depleting the thyroid 
iodine w ith thy rotropin it was possible to study the 
ability of the thyroid gbnd of hypophysectoinized 
rats to fix iodine after thyrotropin had been with- 
drawn and to incorporate iodine into protein after 
both thyrotropin and propylthiouracil had been 
withdrawn 

Action of certain autonomic agents on the blood 
pressure rise produced in dogs by acute oxygen 
lack Edw ard J Van Liere and David F Marsh 
(by invitation) Depts of Physiology and Phar- 
macology, School of Medicine, West Virginia Univ , 
Morgantown Anoxic anoxia was produced in barbi- 
talized and in urethamzed dogs by admimstenng 
BIX, seven, and nine per cent oxygen atmospheres 
and ashphyxia by obstructing the trachea The 
ensuing rise in blood pressure from either of these 
procedures is presumably due to afferent impulses 
from the carotid and aortic bodies to the vasomotor 
center leading to efferent sympathin release 

Ergotamine blocks this rise in blood pressure y 
inhibiting the carotid and aortic bodies, and oxygen 
lack then produces a fall in blood pressure sum r 
to that seen in ammals that have had these recep 
tors denervated This effect occurs even with oses 
of ergotamine that are msuflBcient to reverse e 
effects of epinephrine or to block the rise m 00 
pressure produced by ephednne 

Yohimbine produced similar effects, bu 1 1 
only effective in doses that are truly sympatho ytic 
Adrenolytic doses of piperidinomethylbenzo oxa 
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{933F) were meffeotive an antagonizing the nee in 
blood pressure 

Like other sympathetic induced rises in blood 
pressure, the effects are potentiated additively by 
epinephrine and ephednne, and synergistically by 
cocaine 

Protection against acceleratory forces by COi 
inhalation L Van Middleswokth (by invita- 
tion) and S W BHrriON Physiological Laby , 
Vntv of Virginia Medical School Increased tol- 
erance to positive acceleratory forces has been 
demonstrated with monkeys, cats and dogs which 
inhaled COj/Oi imxtures before and dunng the 
acceleration Brachial arterial pressure, EKG, and 
EEG were continuously recorded in more than 200 
exposures of 30 ammals 13-20 percent COi in Oj 
admimstered (at sea level) to monkeys for 18-180 
seconds or to dogs 50-180 seconds prevented about 
40 per cent of the blood pressure changes ordinarily 
observed at 4 "plus G” per 10 second exposure 
When this mixture was inhaled for more than 300- 
400 seconds the beneficial effect was lost 
The turbulent flow factor in cardiac work 
Maotuce B VisBCHEE and Aiean Hemnowat 
Univ of Minnesota Attention has been called 
recently' to the fact that the use of the Bernoulli 
theorem, involving the assumption of a f nctionless 
fluid, in calculating the work of the heart in giving 
ejected blood kinetic energy, is improper The 
authors cited properly insist that when streamhne 
flow occurs the central shells of the moving stream 
have a greater velocitj than do the outer shells 
and that the kinetic energy of viscous flmds can bo 
estimated only by such a calculation as they de- 
velop 

However the above authors fail to state that 
their calculations are valid only for instantaneous 
velocities Actually dunng the course of a single 
ejection phase a time velocitj function must be 
considered, as was pointed out by Katz ’ 
Unfortunately, Ralston and Taj lor' stated that 
in calculating cardiac work “the classical (fnction- 
Icss flow) formula should be used when the flow is 
known to bo turbulent " This assertion ignores the 
fact that when flow is turbulent the energy cost of 
givung forward v elocity is greater than the kinclic 
energj of forward mov cment , because in turbulence 
a large sliarc of the cnergj expenditure is dissipated 
in rotational movement It is precisely because 
extra cnergj must be supplied to overcome the 
increased resistance due to turbulence that condi- 
tions which caii'c turbulence raise the work of the 
heart Thus, although it is roughlj true that the 
kinetic energj of forward motion in turbulent flow 
IS approximatclj i in v ’, it is an error to suggest 
that the work of the heart mav be measured b> 
that expression when flow is turbulent 
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Additional observations on the prophylaxis of 
experimental renal hypertension with renal ex- 
tracts G E Wakebun, H Minatota (by invita- 
tion) and T Lefco (by invitation) Dept of 
Physiology, Univ of Illinois College of Medicine, 
Chicago (Read by title ) We have prevnously re- 
ported that daily intramuscular injections of cer- 
tain renal extracts for three months before and 
after bilateral constnotion of the renal artenes, 
protected 5 of 13 dogs against the development of 
expenmental renal hypertension After three and 
one-half to four years of normotension, four of the 
five protected dogs showed a gradual increase in 
blood pressure over a penod of six to ten months to 
definitely hypertensive levels The fifth protected 
dog IS still normotcnsive The mechamsm of this 
long penod of prophylaxis is unexplained (Fed 
Proc,4 24,1945) 

We have other evidence indicating that the 
prophylactic effect of partially punfied hog renal 
extract contaimng remn may last for many months 
Thus two of three dogs treated daily and intra- 
muscularly for four months with partially punfied 
hog renal extract in a dose of 1 and 2 grams respec- 
tively of fresh renal cortex eqmvalent per kg but 
not subjected to bilateral renal artery constnction 
luntil one and one-half and two and one half years 
later, were protected against expenmental renal 
hypertension None of the three dogs showed anti- 
remn in their serums at the time of the ranal 
artery constnctions Likeinse one of two dogs 
prevnously given semi-weekly intravenous injec- 
tions of the same hog renal extract in a dose of 0 1 
gram of fresh renal cortex eqmvalent (contaimng 
0 1 Goldblatt unit of renin activity ) per kg for six- 
teen months, was protected against expenmental 
renal hypertension Neither of these ammals 
showed antircmn either dunng the injection penod 
oral the time of constnction 

Further expenments arc plaimcd to produce 
maximum prophylaxis, to elucidate its mechamsm, 
and to fractionate for the active pnnciple [This 
ivork was aided by grants from the John and Mary 
MarUe Foundation and the Graduate School Re- 
search Fund of the Univ of Illinois ] 

The effect of nnilatcral nephrectomy on the 
development and maintenance of experimental 
renal hypertension G E Wakeiilis, T Lnreo 
(by invitation), and H Minatota (by invitation) 
Dept of Physiology, Univ of Illinois College of 
Medicine, Chicago (Read by title ) Thirtv -eight 
dogs were subjected to umlatcra! renal artery con 
slnction and subsequent contralateral ncphrec 
tomy for the production of expenmental renal 
hypertension Of 17 of these animals subjected to 
ncphrcctomv 0-20 day s following renal artery con- 
Btnction, malignant hypertension dev eloped in C, 
negligible to poor hvpertcn'ion m S, and satisfac 
ton hv jierlcnsion in 3 Of the 21 dogs subjected to 
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nephrectomy 20-100 dajs follo^^ing renal artery 
constnction, 1 developed malignant hjperlcnBion, 
5 shoved poor hypertension, and 16 shoved satis- 
factor}’ h 3 'pertension These results suggest that 
following umlateral renal artery constriction, the 
unoperated contralateral kidncj stimulates the 
hypertensive effectiveness of the renal arterj con- 
stricted kidnej', the stimulation reaching more or 
less of a plateau vithin the first 20 days Whether 
this influence is related to the knovn anti-hjpor- 
tensive effect of the unoperated kidnej or to the 
disappearance of renin from it (Fed Proc , G 1946) 
remains to be determined 
Twenty-two dogs with bilatcrallj constricted 
renal arteries were subjected to unilateral ne- 
phrectomj after four to fortj months of satisfactorj 
h 5 TjertenBion The kidnej removed vas normal- 
sized in 14 ammals and definitclj smaller to 
atrophic in 8 There was a sigmficant decrease in 
blood pressure in 3 of the first group and in 1 of the 
second The remaimng 18 ammals shoved no sig- 
mficant change in their hiTiertcnsions The results 
suggest that once established, the hjpertcnsion 
produced by bilateral renal artcrj constriction is 
not affected bj umlateral ncphrcctomj in a ma- 
jority of dogs and that in a minontj , removal of a 
normal-sized kidney is as likeb' to produce a 
decrease in pressure as removal of an atrophic 
kidney (Aided by grants from the John and Mary 
R Markle Foundation and the Graduate School 
Research Fund of the Untv of Illinois ] 

The effect of umlateral renal artery constriction 
on the renin content of the contralateral kidney. 
G E Wakekun (vuth the techmeal assistance of 
T Lefco and H hlinatoya) Dept of Physiology, 
Untv of Illinois College of Medicine, Chicago 
Study vas made of the remn content of the contra- 
lateral kidney of dogs at intervals of 0 to 100 days 
foUowing unilateral renal artery constriction At 
0 days, the contralateral kidney of 4 dogs showed 
normal (100%) remn content (approximately 1 
Goldblatt umt per gram of fresh renal cortex) , 5 
days after umlateral renal artery constriction, the 
contralateral kidney of one dog showed 0% remn 
and that of a second animal, 100% remn, after 10 
days (2 dogs) 10% and 100% remn, and after 15 
days (3 dogs) 0%, 0%, and 100% remn Twenty 
dogs nephrectomized contralaterally 20-100 day's 
following umlateral renal artery constriction 
showed 0% remn in the contralateral kidney with 
3 exceptions (15%, 15%, and 30%) By contrast the 
remn content of the individual kidneys of 12 
normal dogs assayed 90-100% Likewise the remn 
content of the contralateral kidney of 11 dogs 10 to 
14 months after renal artery constriction of the 
contralateral kidney was 100% in 8, 20% in 2, and 
0% in 1 animal That the remn content of the 
unoperated contralateral kidney returns relatively 
qmckly following renal artery constnction is sug- 


gested by preliminary expenments in which the 
renin content of three contralateral kidneys un- 
operated for 90, 100, and 120 days vas found to be 
“15%, 0% and 65% respectively, 24, 48, and 48 
hours after artenal constriction 

The significance of the disappearance of remn 
from the contralatcml kidney in relation to its 
knovn antihy pcrtensive effect and to the patho- 
physiology of experimental renal hypertension 
remains to bo determined Studies of the concen- 
tration of other enzymes in the non-remn kidney, 
ns veil as an assay of its antihy pcrtensive potency, 
are planned (Aided by grants from the John and 
Mary R Marllc Foundation and the Graduate 
School Research Fund of the Univ of Illinois ] 

Treatment of experimental renal hypertension 
with beef and sheep renal extracts G E Wa- 
KEnus, Waine Donaedson (by invntation), and 
OuvEn Kamvi (by invitation) Dept of Physi- 
ology, Unit of Illinois College of Medicine, Chica- 
go, and Research Labys , Par} c, Davis A Company, 
Detroit (Read by title ) In a further study of 
the mechanism of the antihypcrtcnsiv e activity of 
hog renal extracts previously reported (Am Ht J , 
23 1, 1943,J Pharm A, Exper Thcr ,81 101,1944, 
and Fed Proc ,4 74, 1944), we treated two hyTier- 
tensive dogs each for six months daily and intra- 
muscularly with partially punfied beef renal ex- 
tract contaimng remn, partially punfied sheep 
renal extract contaimng remn, and hog muscle 
extract prepared after the manner of the renal 
extracts, in a 2 gram equivalent dose of fresh renal 
cortex or muscle per kg The remn activity of the 
beef extract was approximately 1 Goldblatt umt 
per gram of fresh tissue eqmvalent and that of the 
sheep extract approximately 0 5 Goldblatt umt 
None of the six dogs showed any sigmficant change 
in blood pressure The four renal extract injected 
dogs showed low to moderate serum antiremn 
litres dunng treatment whereas the two muscle 
extract injected dogs showed no antiremn The 
results suggest that the antihypertensive potency 
of hog kidney is greater than that of beef and sheep 
kidney [This iDorh was aided by grants from the 
John and Mary R Marhle Foundation and the 
Graduate School Research Fund of the Untv of 
Illinois ] 

Treatment of experimental renal hypertension 
with hog renal extract fractions G E WakebliNj 
Watne Donaldson (by invutation), and Ouveb 
Kamm (by invitation) Dept of Physiology, 
of niinois College of Medicine, Chicago, and Re- 
search Labys , Parle, Davis A Company, Detroit 
(Read by title ) One year ago (Fed Proc , 4 
73, 1945) ve reported that in our endeavor 
fractionate and purify the antihypertensive po^ 
tency of partially punfied bog renal extrac 
taimng remn, we found only one of the ^ 
tions studied (a dialysis residue) to be effec iv 
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antihypertensively Dunng the past year 'sre have 
studied the antihypertensive activity of three 
fractions of this dialysis residue The dissolved 
spontaneous precipitate of the dialjsis residue was 
injected daily and intramuscularly in two hjrper- 
tensive dogs for four and one-half months in a dose 
of 10 grams of fresh renal cortev eqmvalent per kg 
with moderate and shght antihj pertensive effects 
respectively The dissolved 50 per cent hydro- 
acetone precipitate of the dialjsis residue was 
similarly assayed in two hypertensive dogs for 
eight months with excellent and slight antihj per- 
tensive effects respectively One of the proteins of 
the last fraction was separated and assajed in a 
dose of 20 grams of fresh renal cortex eqmvalent per 
kg for BIX and one half months in two hypertensive 
dogs with slight and negative antihypertensive 
effects respectively These three fractions retained 
50, 2-5, and 0 per cent of the remn activity of the 
original partially purified hog renal extract The 
antiremn titres of the dog serums during treatment 
were comparatively low but there appeared to be a 
relationship between the titres and the antihyper- 
tensive responses, contrary to observations previ- 
ously reported We arc continmng our efforts to 
fractionate for the antihypertensive potencj of 
hog kidney and to deterrmnc the mechamsm of the 
antihypertensive effect [Thts toorl was aided by 
grants from the John and Mary R Marklc Founda- 
tion and the Graduate School Research Fund of the 
Univ of Illinois ] 

The effects of ethyl alcohol on the isolated 
heart K G Wakim Indiana Univ Medical 
School, Bloomington and Indianapolu (Read by 
title ) For a study of the effects of larious concen- 
trations of alcohol on cardiac activity, the turtle 
heart was carefullj dissected out with the sinus 
venosuB, atna, and ventricle intact A small slit 
was made in the left aunclc into which a special 
glass cannula was introduced and anchored by 
ligature The frenum attached to the apex of the 
ventricle was connected by means of a thread to 
the recording Icier for kymographic registration of 
heart beats Ox> genated Ringcr-Lockc solution was 
used for perfusate After taking control tracings of 
cardiac actintj , various amounts of absolute cthjl 
alcohol were mixed with the perfusate and their 
effects on the isolated heart w ere recorded 
The effects of amounts lower than 4 cc of abso- 
lute alcohol per liter w ere meager , but the addition 
of 4 to 10 cc of absolute alcohol per liter of perfusate 
led to a slight reduction in the amplitude of cardiac 
contractions Tcnto50cc pcrlitcrcauscdagradual 
intensification of the effects of alcohol on the heart, 
namclj , a progrcssiic dilatation with reduction in 
amplitude, force and rate of the beat until at a 
concentration of about tO to 50 cc of alcohol per 
liter the heart stopped in an engorged stale The 
aentncle often fibnllated when the higher concen- 


trations of alcohol were used However, these 
effects of alcohol were reversible and the heart 
could be repeatedly recovered by perfusing it with 
Ringer-Locke solution even after it had been under 
the influence of the perfusate contaimng the higher 
concentrations of alcohol for about twelve rmnutes 

The influence of ergotoxine on surviTal time of 
rats in shock K G Wakim Indiana Vniv Medical 
School, Bloomington and Indianapolis (Read by 
title ) Secondary shock was produced bj apphea- 
tion of a clamp to each hind leg of the rat as de- 
scribed by Haist it Hamilton (J Phjsiol 102 471, 
1944) The clamps were left on overmght for 15J 
hours Of the 50 rats whose survival time was 
accurately determined, 25 were given each 5 mg of 
ergotoxine intrapentoneallj 10 nunutes before the 
clamps were removed and their surviial time was 
compared with that of the other 25 rats which were 
not given ergotoxine Soon after removal of the 
clamps, the limbs became purphsh and swollen 
The average survival time of those receiving ergo- 
toxine was 1 9 hours while those without ergotoxine 
had an average survival time of 6 4 hours There 
was no Bigmficant difference in red cell counts or 
hemoglobin concentration between those given 
ergotoxine and those without ergotoxine 

Dale and others demonstrated that ergotoxine 
paralyzes the vasoconstrictor sympathetica and, 
consequently, abolishes the pressor effects of 
adrenalin This effect of ergotoxine was confirmed 
on anesthetized rats whose blood pressure was 
registered by means of a mercury manometer con- 
nected to a cannula introduced into the abdominal 
aorta at its bifurcation to the common iliacs 
Sodium citrate was used to prexent coagulation of 
the blood in the cannula A few minutes after 
intravenous admimstration of 2 mg of ergotoxine, 
the usual strong pressor effect of adrenalin that was 
observed prior to ergotoxine admimstration could 
not be elicited after ergotoxine Either a slight 
fall or no effect on the blood pressure was obtained 
bj the same dose of adrenalin intravenously 
admimstercd after ergotoxine 

These findings justify the conclusion that the 
paralysis of the sympathetic vasoconstrictors pro- 
duced by ergotoxine abolished the compensatory 
vasopressor reflex dunng the development of sec- 
ondary shock, interfered with circulatory adjust- 
ments, and consequently shortened the survival 
time of the ammals 

The response of the Triceps Surae of the 
ndrenalectomized and normal rat to single and 
multiple stimulation SnETPvnn M Wvlker (by 
invitation) and A S Gii,so\,Jr Dept of Physi- 
ology, Washington Unir School of Medicine, St 
Louis Isometnc responses of the triceps surae of 
100 grams rats were recorded by an optical mvo- 
graph The stimulator gencrallv used yielded a 
diphasic shock, the duration of the main com- 
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ponent being 0 2 msec Stimulating electrodes w ore 
placed at the two ends of the muscle or on the cut 
sciatic nerve Tension is o\prcsscd as gram per gram 
fresh muscle 

Responses from curanzod animals show mean 
tensions of 390 for normal and 430 after adrenalec- 
tomy A stimulus strength 6\ maximal applied 
through the muscles of normal and of adrcnalec- 
tomizcd ammals gave mean tensions of 380 and 
576, respectively Single stimuli applied to the 
sciatic nerve produced tensions 40 per cent greater 
than those from curarized animals when lOOx 
maximal for normal rats but only 2\ maximal for 
adrenalectomized rats Muscle action potentials 
from supramaximal contractions indicate repeti- 
tive responses from part of the muscle units 

Peak tensions in tetanus were slightlj diminished 
after adrenalectomy During 2 sec stimulation of 
curanzed muscles (225 per sec ) tension curves 
from adrenalectomized rats fell slightly more than 
those from normals When the sciatic nerve was 
stimulated at this rate, diminution of tension was 
more rapid in normals 

Four hundred stimuli at 2 per sec caused tension 
reduction of less than 5 per cent in normals but of 
62 per cent in adrenalectomized animals 

Thus, although the muscles of adrcnalcctoimzcd 
ammals show abnormal fatigability, there is in- 
creased excitabihty of nerve trunks and at least 
normal neuro-muscular conduction at high fre- 
quency 

Magnetic stimulation of the human retina G 
Walsh (by invitation), H Barlow (by invita- 
tion), and H I Kohn Dept of Biology, Maas 
Inst of Technology, Cambridge, and Harvard Med- 
ical School, Boston We have reinvestigated the 
action of magnetic fields upon the eye For stimu- 
lation we employed the core of an A C magnet, 
operated at frequencies of 6 to 90 c p s , and at 
strengths up to 900 gauss The only sensation 
evoked was that of flicker, which was maximal 
when the core was closely applied to the eye No 
sensation could be elicited from the occipital re- 
gion The sensation is a colorless flicker, maximal 
in the periphery of the visual field, which varies 
in strength and frequency with the stimulus When 
only a part of the retina is stimulated, the sensation 
elicited is noted only in the corresponding field of 
vision With constant stimulation, the sensation 
vamshes in a number of seconds, more rapidly 
when the frequency is high and the intensity low 
The sensation is prolonged by constantly moving 
the eyes Recovery occurs in less than a minute 
The sensation does not occur if pressure sufficient 
to abolish vision is applied to the eyes The sensa- 
tion IS very similar to that evoked by passing 
sinusoidal currents (frequency, less than 100 c p s ) 
through the head This, also, is maximal peripher- 
ally, colorless, prolonged by moving the eyeball, 


abolished by orbital presaure, and subject to rapid 
fatigue 

Additional evidence on the afferent nervous fac- 
tor In experimental traumatic shock S C Wano 
Dept of Physiology College of Physieians and 
Surgeons, Columbia Untv In dogs the mortahty 
resulting from muscle trauma differs from that 
produced by a similar decrease in blood volume 
following simple liemorrhago (Fed Proc , 4 75, 
1046) The residual blood volume at L H 60 (lethal 
hemorrhage at 60 per cent mortality) in muscle 
trauma series is 73 cc per kilogram body weight, 
whereas that in simple hemorrhage is 69 cc per 
kilogram In animals with sublcthal hemorrhage 
coupled willi electrical stimulation of the cut 
central end of both sciatic nerves, the residual 
blood volume at L H 60 is raised to 69 cc per 
kilogram, which is significantly different from that 
simple licmorrhagc (Fed Proc , 4; 64, 1945) 

Thirty trauma experiments have now been com- 
pleted on dogs in which chrome dcaffcrentation of 
the hind-limbs had been carried out three to five 
weeks prev louslj In this senes, the residual blood 
volume at L H 50 is 65 cc per kilogram, which is 
Bigmficantly lower than that found in the muscle 
trauma senes mentioned above Furthermore, the 
changes in heart rate and blood pressure as well as 
the degree of depression of sensonum produced by 
trauma arc considerably modified by the previous 
deaficrcntation Indeed the climcal course is m 
many waj s similar to that seen in dogs subjected to 
simple hemorrhage 

These expenments indicate that the afferent 
nervous factor plays a defimte role in contnbuting 
to the mortality of ammals receiving muscle 
trauma [Work done under contract with the Office oj 
Scientific Research and Development ] 

Some factors influencing the anaerobic glycoly- 
sis Charles 0 Warren and Franklin G 
Ebatjoh, Jr (by invitation) Dept of Physiology 
and Anatomy, Cornell Umv Medical College, How 
York City In companng liver tumors with norma 
tissue, the question has ansen (Burk, Wisconsin 
Symposium on Respiratory Enzymes, 1942) as to 
the rate of anaerobic glycolysis of normal rat iver 
slices Factors that influence this rate are conse 
quently of interest Other investigators ave 
emphasized the importance of the duration o 
experiment and the glycogen content of the 
The present experiments deal wnth the effec s o 
two media wuth a high content of potassium lOM 
One (Hastings and Buchanan, 1942) is a 6 
potassium bicarbonate medium and the o 
(Fuhrman and Crismon, 1944) a high-potassi 
phosphate medium Both of these media yi 
higher values of Qg’ than the usual Ringer i 
carbonate medium, but still higher va 
obtained by combimng the salient features o 
media, i e high potassium, bicarbonate an p 
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pbate TheQc m ttis last medium is 5 to 10 times 
as great as in Ringer-bicarbonate medium Some of 
this difference is accounted for by the finding that 
a larger fraction of the glycogen which breaks down 
IS recovered as lactic acid under these conditions 
So far, httle or no utilization of added glucose has 
been found in anj medium The experiments ex- 
phasize the importance of high concentrations of 
the three ions potassium, bicarbonate and phos- 
phate in secunng maximum activity of the liver 
glycolj tic enzymes tn viiro [Aided by a grant from 
the John and Mary R Marl le Foundation ] 
Reactions involved in insulin fibril formation 
David F Waugh Dept of Biology, Mass Inst of 
Tech , Cambridge Seeding 0 1 ml fibrous insulin 
(J A C S , 66 663, 1944) into 1 0 ml native insuhn, 
both 2% protein at pH 1 6 and 25 °C , shows the 
rollowing The imtial weak flow double refraction 
increases until after 72 hrs strong static double 
refraction is present Approximately 50% of the 
native insulin now may no longer be recovered 
That native insulin has been converted to the 
fibrous form is demonstrated by measurements of 
double refraction and viscositj These effects are 
not obtained with native inauhn at 25°C or fibrils 
diluted with acid Atl00°C a seeded solution may 
become completely fibrous in a matter of three 
minutes while a comparable solution of native 
insulin requires mnetj minutes 
Data of this tj pc are intercepted as follows The 
initiation of a fibril (nucleus formation) and the 
subsequent elongation of the nucleus are to be 
considered separate reactions which normally 
proceed simultaneouslj 

The tno reactions maj be separated expen- 
mcntallj the elongation reaction bj following 
fibril grouth (chemical separation and measure- 
ment of fibril nitrogen) in a seeded solution near 
25°C and nucleus formation bj titmng the first 
Visible appearance of spheritcs near lOO'C under 
conditions in which fibrils aggregate into sphentes 
after reaching a mimmum length, thus cffcctivclj 
rcmovnng them from solution The nucleus forming 
reaction generally appears as a second order reac- 
tion although it approaches first order at pH’s near 
1 0 Preliminarj measurements indicate that 
elongation mB> be a first order reaction 
Variability in the energy cost of standard exer- 
cises Uaimosd a Weiss (bj invitation) and 
PrTEn V IvAiipovucn AAF School of Anation 
Medicine, Randolph Field, Texas Five selected 
exercises were given to 30 subjects The energy 
expenditure was measured by oxygen consumption 
using a closed circuit metabolism apparatus The 
energy cost of the exercises was cxprcs'cd in tenns 
of net oxvgcn consumption and also in multiples 
of the resting metabolic rate (cost in RMR) 

The cost in RMR lias an advantage over net oxj - 
gen consumption because the former has greater 


independence from body size, and moreover intro- 
duces a convement, easily^ understood measuring 
umt The rehabibtj of the cost in RMR as ob- 
tained by the method of internal consistency was 
high, ranging from 0 86 to 0 90 

Variations in energy cost between subjects for 
each exercise was found to be sigmficantly large, 
which means that figures obtained for one subject 
caimot be accurately appbed to other subjects 

The cost in RMR was correlated with mne an- 
thropometne measurements length of arm and 
leg, girth of arm, forearm, thigh, and calf, height, 
weight, and surface area All correlations except 
one were low, showing that the vanation in cost 
of exercise did not depend on the variations in 
body size 

Effects of temperature gradients on the in- 
tensity, duration and thresholds of experimental 
traumatic pain Herbebt S Weixs Dept of 
Physiology, Univ of Minnesota, Minneapolis, 
Minnesota Heat is commonly used to allay pain 
but its mechamsm of action and degree of effective- 
ness require study 

Moderate pain from clamping the finger web can 
be abolished by warming the clamp (and thence 
the clamped tissue) slowly to 37°C At higher 
temperatures pain reappears Rapid heating from 
any temperature may ebcitpain Cooling the clamp 
below skin temperature causes pain, which is very 
severe, with wide radiation, if cooling is rapid 
With “adaptation” of hand and clamp to warm 
or cool water pam disappears, but returns if the 
clamp IS cooled or warmed Pressure thresholds of 
pain may be altered two to four-fold by altering the 
temperature gradient between clamped and ad- 
jacent tissue 

Percussion thresholds of “first” or “second” 
pain, produced by dropping a weight on the cool 
finger from graded heights, arc elevated several 
fold by warming the skin to 37°C Brief recoohng 
restores the low threshold state When the warm 
threshold stimulus is appbed to the cool finger 
severe pain lasting many seconds results 

Blood flow changes are not related directly to 
these phenomena, for similar findings obtain dur- 
ing occlusion Thermal effects on pain persist after 
“first” pain is abolished by prolonged occlusion 

Since excitation of nerve requires energy trans- 
fers conditioned by potential differences (gradi- 
ents) it IS possible that thermal gradients excite 
pain fibers directly and sum with effects of mechan- 
ical or chemical potentials [Aided by a grant from 
the Rational Foundation for Infantile Paralysis, 
Inc ) 

Effects of thermal gradients and thermal equali- 
zation on latent pain and hvpcralgcsia resulting 
from injury HEnnnnT S Wells Dept of Physi- 
ology, Unir of Minnesota, Minneapolis, ^firnc- 
sota (Read by title ) Mild injury of skin and 
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underlying tissues and of the nnilbcd was produced 
by percussion or by injection of iodine Trniiinalic 
periarthritis was developed by prolonged clamping 
of intcrphalangcal joints After pain had subsided, 
hyperalgesia remained (room Icmpcraturo 20®C ) 
and rubbing or pressing the area, or bending the 
joint, elicited soreness Pain could be rclcindlcd ns 
effectively by cooling the skin over the part (some- 
times by ns little as 0 6 "C ) by immersion in wilier, 
evposure to cooler air, evaporation of water from 
the w'ctted surface, or by slight cooling of remote 
body surfaces to produce reflex drop in local skin 
temperature Deep cooling of the part by pro- 
longed immersion in water stopped the pain and 
lessened the degree of hjperalgcsin to mechanical 
stimuli Rapid warming, at vanous initial tem- 
peratures elicited pain also, while thermal equali- 
zation at 37®C was effective in lessening or abol- 
ishing hyperalgesia 

The more sonsitia'c the injured area to meclinni- 
cal stimuli, the more readily would small thermal 
gradients arouse pain Conversely, the steeper the 
thermal gradient, short of tliat required for pain, 
the greater was the degree of hyperalgesia as tested 
by a standard mechamcal stimulus, and the lower 
the mechamcal threshold of pain [Aided by a grant 
from the National Foundation for Infantile Paraly- 
sis, Inc ] 

Liver function in malaria SamoelM Wells (by 
invitation), Ancel Keis, Austin Henschel, 
Henrt Longstreet Tatlor and Olaf Mickelsen 
(by invitation) Laby of Physiological Hygiene, 
Univ of Minnesota, Minneapolis, Minnesota 
(Read by title ) Twelve men were inoculated with 
tertian malaria, which was terminated by quimne 
after 8 paroxysms, at an average of 69 hours of 
rectal temperature above 102^ During and after 
the febrile period Ever function was studied by 
means of the following testa the prompt and total 
plasma bilirubin, the 5-milligram per kilogram 
bromsulfalein retention, the cephalin-cholesterol 
flocculation, the thymol turbidity, the two-hour 
urine urobilinogen, the Harrison test, and the 
methylene blue test for bilirubin in the unno 
The bilirubin, urobilinogen, and bromsulfalein re- 
tention indicated deterioration of liver function 
dunng the febrile period, and prompt recovery 
afterward The maximum values obtained were 
bilirubin, prompt, 0 45, and total, 2 68, milligrams 
per cent , urobilinogen, 22 milhgrams per two hour 
period, bromsulfalein retention, 23% of injected 
material at 46 minutes The cephahn-cholesterol 
flocculation became abnormal after about 7 days 
and remained abnormal for periods up to 17 weelm 
The thymol turbidity reached a high value of 4 
umts on the fourth week from inoculation No 
bihrubin was found in the urine at any time 
Comparison of values for the plasma bilirubin 
obtained at the peaks of paroxysms showed that 


after the initial rise there was wide fluctuation but 
no consistent trend, comparison of similar values 
for the bromsulfalein retention showed also wide 
iluclualion, but with slight trend toward progres- 
8i\c deterioration The only significant relation of 
fever to the bilirubin and bromsulfalein retention 
was an ai erage increase of 0 141 milligram per cent 
for the prompt bilirubin from the onsets to the peaks 
of the paroxysms [This work was supported in 
part under contract with the Office of Scientific Re- 
search and Development Support from other sources 
will be acknowledged in final publication ] 

The mode of action of DDT J H Welsh and 
n T Gordon (by invitation) Dept of Biology, 
Harvard Univ DDT (2, 2 bis (p-chloropbcnyl)— 1, 
1, 1 Irichlorocthanc) has a similar, highly touc 
action on insects and on Crustacea (shore crabs 
and crayfish) used in these studies DDT acts on 
peripheral nerves, especially on fine nerve fibrils, 
and causes repetitive discharge A single nerve 
impulse, on arriving at a DDT-trcatcd region of a 
motor nerve axon, gives nso to a high-frequency 
volley of nerve impulses, and a tetanic contraction 
of the muscle results The duration of the multiple- 
firing is longer when higher coneentrations of DDT 
arc applied, up to a maximum of several seconds, 
rhy thmic spontaneous activity then occurs Sinu- 
lar effects arc produced by pyrethnns, veratnne 
and other unrelated compounds 

DDT also lowers the resting potential of nerve, 
and lowers the threshold to electrical stimulation 

Increasing the calcium-ion concentration m the 
environment of a DDT-trcated nerve abolishes the 
DDT effects, but on rcturmng to normal calcium 
the effects reappear It is suggested that DDT is 
adsorbed in traces at or near the surface of the 
nerve axon and acts as a barner-layer that hinders 
the normal interaction of calcium ions with the 
surface (e g , calcium-linkage of cephahn mole- 
cules) The diversity of substances having similar 
effects indicates that the action is non-specific and 
physical rather than chemical While this action 
appears to be the primary effect of DDT, other 
secondary' changes may be of importance m causing 
the death of the orgamsm [The work done under a 
contract with the Office of Scientific Research an 
Development ] 

Cardiovascular responses to explosive decom- 
pression W V Whitehorn (by invitation), 
Abraham Edelman (by invitation), and Fred 
Hitchcock Laby of Aviation Physiology 
Medicine, The Ohio State Univ Columbus a 
techmque has been developed by which the arc 
metric pressure can be rapidly reduced, the m 
and range of this reduction being controlled, le 
plosive decompression) Ammals have been ex 
plosively decompressed at rates as fast as 650 p s i 
per second (10,000 to 50,000 ft m 0 02 seconds; 
without producing any serious consequences og 
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anesthetized with nembutal showed no sigmficant 
change in the electrocardiogram or arterial blood 
pressure at rates up to 20 i per second over 
ranges as great as from 10,000 to 50,000 ft At rates 
greater than this a sigmficant drop in blood pres- 
sure occurred The extent of this drop was pro- 
portional to the rate and range of the explosive de- 
compression The blood pressure drop began two or 
three heart beats after the beginning of the decom- 
pression and the return to normal occurred within 
one minute At decompression rates of 260 p s i 
per second over ranges of 10,000 ft to 50,000 ft the 
drop in blood pressure was accompamed by bradj - 
cardia of vagal ongin Electrocardiograms were 
otherwise normal 

The pnmary cause of the blood pressure drop is 
believed to be interference with venous return by 
pulmonary distension and increased intrathoracic 
pressure produced when the rate of decompression 
exceeds the rate at which air can leave the lungs 
This view 18 supported by the fact that interference 
with the flow of air from the lungs increased the 
extent of the blood pressure drop Reflexes from 
distended abdominal viscera are probably also 
involved HTorA. done under contract mlh the Office 
of Stncnltfic Research and Development 1 
Portal pressure gradients in hemorrhagic shock 
Gael J Wigoebs, David F Opdtke and J Rat- 
MOND Johnson Dept of Physiology, Western Re- 
serve Unto Medical School, Cleveland, Ohio Pres- 
sures wore recorded in the aorta, portal vein, and 
inferior vena cava by cahbrated optical manome- 
ters By deducing changes in flow from estimates of 
cardiac output in sitmlar previous experiments, 
changes of pressure gradients permitted conclu- 
sions regarding directional changes of resistance in 
mescntenc tributaries and portal outflow channels 
Relative resistances in mesenteric and portal 
vessels were inferred bj companng aorto portal 
and portal caval gradients 
Mean pressure in the portal v ein averaged 12 mm 
Hg , that in the inferior cava, 6 mm Hepatic re- 
sistance to portal flow averaged Mth that in mesen- 
teric tributaries Epinephnne caused a dominant 
increase m mcscnlenc resistance, followed— as the 
pressor effect waned— bj dominant increase in 
hepatic resistance Pitrcssin caused solclj a tre- 
mendous augmentation of mesenteric resistance 
Histamine induced both a reduction in mescntenc 
and an increase in hepatic resistance 
Hcmorrltagic hjpotension was produced at 50 
mm and 30 mm Hg lev els bj standard bleeding, 
prevnouslj desenbed Hemorrhagic shock followed 
several hours after rcinfusion of blood Portal 
prcssu'c aftern temporarj decline tended to return 
townre control values during the penod of 50 mm 
hjpotcnsion, declined dunng the SO mm Hg 
period, increased far above control values after 
rcinfusion, and remained dcCmtelv above control 


levels until arterial pressures had fallen to shock 
levels Results suggest that portal flow through the 
hver IS reduced to a greater extent than indicated 
by changes in sjstemic and portal pressures, it is 
also reduced by relative increase in portal resis- 
tance 

Continuous intravenous Infusion of alkalinizing 
agents during impending hemorrhagic shock 
conditions Haboed C Wiggees and Ratuo'xd C 
IngbaUam Dept of Physiology, College of Medi- 
cine, Unto of Illinois, Chicago Dunng the stand- 
ardized 90 minute hemorrhagic hyi>otension penod 
used m this laboratory, the transition from an im- 
pending to an ijrecersible shock state was seen in 
77% of untreated control ammals A developing 
acidosis was mamfest in each animal, though van- 
able in its intensity The question arose whether 
acidosis influences the rate of onset of the above 
transition This may perhaps be partially answered 
by attempts to prevent acidosis irom developing 
through the expedient of continuous intravenous 
administration of either Na Lactate (0 87 gram/ 
kg ) or NaHCOi (0 65 gram/kg ) throughout the 
entire hypotension 

The Lactate did not prove to be an effective 
anti acidotic agent under those conditions , fur- 
thermore, 5 of 6 dogs entered irrctcrsible shock 
during the hypotension penod (Mortahty, 87%) 
It did not reduce the number of ammals entenng 
irreversible shock before terminating the hjTxi- 
tcnsion penod by rcinfusion of withdrawn blood 

NaHCOi treatment, however, resulted in main- 
tenance of control or above control plasma COi 
capacity in 7 dogs which recovered completely , as 
well as in several which died in shock Mortality 
dropped to 47 percent in this senes Bfad the exist- 
ence of acidosis in the others been recogmzed, it 
might have been possible to prevent the transition 
in many of the latter and thus to further decrease 
the mortality ratio by incrementing the amount 
of NaHCOi infused 

The conclusion is reached that in many instances, 
acidosis hastens the onset of irreversible conditions 
and that this action can usually be retarded by the 
infusion of proper amounts of NaHCO to annul 
the effects of acidosis 

The permeability of the placenta to radioactive 
Ions ’Walter S Wilde, DEA^ B Cowie (by in 
ntalion) and Lours B FLi 20 .eb Dept of Em- 
bryology, Baltimore, and Dept of Terrestrial Mag 
nclisnt, Washington, Carnegie Inst of H ashington 
We arc now studyung the rate of transfer of various 
radioactive ions across the guinea pig's placenta 
which belongs to the same morphological group 
(hemochorial) as that of man It is our purpose to 
describe the permeability of this placenta mth 
respect to charge and valence of ion at different 
stages of gestation As with radioactive sodium 
(Flcxncr and Pohl, Am J Physiol 132 5^4 ), the 
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permeability to IIPO^ ion Inggcd with rnclioaclivc 
P increases ns gestation proceeds, about 13 times 
more inorganic phosphate is transferred to the 
fetus across a unit ^vcIght of placenta near term 
(67 days) than at a gestation age of 30 days 

The relative permeability of the placenta to 
different radioactive ions can be calculated from 
the activities measured in the maternal plasma and 
in the corresponding fetus It is simply necessary 
to reduce the measured activity in a unit volume 
of maternal plasma to the same unit of activity for 
all the ions considered and to divide the activity 
measured in the fetus by the same factor In this 
way it has been shonn that the ratio, permeability 
to HPO4 permeability to Na for a unit weight of 
the guinea pig’s placenta is ns follows at the 30th 
day of gestation, 1 4 , at the 53d day , 3 4 , at the 
64th day, 3 0 This is opposite in direction to the 
relative mobilities of the 10 ns HPO4 and Nn m 
water (Boyle and Conway , J Physiol 100 1) 

Physiological effects of high ncgntiic mask 
pressures during simulated free-fall J W Wil- 
son (by invitation), F G Hall, and H G SwA^^ 
Aero Medical Laby , Air Technical Service Com- 
mand, Wright Field, Dayton, Ohio There are indi- 
cations from well known physical laws and from 
special experiments carried out with dummy' set- 
ups in the w'lnd tunnel that considerable suctions 
(negative pressures relative to ambient pressure) 
may be developed at the end of the inspiratory 
tube of a pressure-breathing oxygen mask when an 
individual free-falls from an airplane Conse- 
quently, experiments were conducted in which 
simulated free-falls were carried out from approxi- 
mately 42,000 feet to determine whether the maxi- 
mal suctions expected dunng such a descent would 
seriously interfere with the breathing of individu- 
als using a pressure-demand oxygen mask (A-13) 
and a high pressure emergency oxygen cylinder 
(H-2) 

The artenal saturation of each subject was meas- 
ured by the Millikan oximeter before and during 
the free-fall The negative pressures developed m 
the mask during inspiration were measured 
throughout the descent by use of a glass spoon 
manometer mounted for photographic recording 
From data on the rate of free-fall obtained by use 
of radar equipment and from wind tunnel tests 
with dumnues, it was estimated that the maxnnal 
suction within the mask cavity during a free-fall 
would be approximately one inch of Hg 

Five individuals, subjected to negative mask 
pressures of one inch of Hg during simulated free- 
falls from 42,000 feet, successfully made the des- 
cents and without any after effects A sixth in- 
dividual, after one abortive start in which he 
complained of "not getting any air,” made the 
descent successfully on a second trial It was thus 


indicated that the mask suctions encountered 
during a free-fall arc not incapacitating 
The noclceplho contraction of the muscalas 
cutaneous maximus in the guinea pig ns elicited 
by radiant thermal skin stimulation, temporal and 
spatial summation and susceptibility to centrally 
acting analgetic drugs C V WixDEn, C C 
PFiimn (by invitation) and G L Maison Re- 
search Dept , Parhc, Davis and Co , and Dept of 
Phyiiology, Wayne Univ , Detroit Radiant ther- 
mal stimulation of the depilated dorsal lumbar skin 
of the guinea pig elicits a longitudinal, twatchy 
contraction of the skin Increasing stimulation 
causes characteristic defense-withdrawal "radia- 
tion” of response Threshold intensity approaches 
within few fold of blistcnng intensity, further 
bearing on its noxious character 
The intensity -duration relationship for threshold 
stimulation agreed m general with that published 
for human pain perception with similar stimula- 
tion The relative intensity-duration relationship 
was independent of area of stimulation , a small but 
real relative spatial summation (area) was inde- 
pendent of duration (temporal summation) An 
over SO per cent "occlusion” was calculated and is 
considered related to poor local sign and the noci- 
ceptive nature of the stimulus-response 
Saline controlled intraperitoneal injection of 
morphine caused 80% elevation of threshold with 
time characteristics as expected, and essentially 
independent of general neuro-musoular or narcotic 
action Ethyl l-methyl-4-phenylpipendine-4-car- 
boxy'late ("Demerol”) and acetylsahcyhc acid 
caused earlier, bnofer elevations, m intensities and 
at doses in general agreement with known potencies 
relative to morphine, and essentially independent 
of observable general effects 

The intensity'-threshold was rendered less 
susceptible to morphine when a very small area 
(3± mm * instead of 730) or long duration (8 sec 
instead of 4) of stimulation was employed This 
18 interpreted as a decreased relative availabihty 
of higher-level spatial facilitation as morphine 
"substrate” 

It IS concluded that we deal vnth a convementjy 
elicited nociceptive mechamsm with an important 
long-circuiting component through higher-leve 
centers, of value in studying objective aspects 0 
pain and pharmacological analgesia 

Brain structure after intermittent exposure 0 
simulated high altitudes W F WiNDLsand A V 

Jensen (by invitation) Inst of Neurology, 
western Univ Medical School, Chicago uinea 
pigs were subjected to an altitude pressure simu 
lating 23,000 feet 6 hours daily 6 days weekly 1 
they had accumulated 100, 200, 300 and 500 hours 
Experimental ammals and controls were sacn ce 
under nembutal by perfusing the vascular system 
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\nth formalin to fix the nervous system in situ 
Every tenth serial brain section was stained by a 
controlled thiomn teohmque Other sections vrere 
prepared by methods for myebn sheaths and axis 
cybnders Detailed companson of expenmental 
and control material revealed no hemorrhages, 
vascular changes or glia probferations No altera- 
tions in nerve cells and no reduction in their num- 
ber could be detected No changes in nerve fibers 
were observed 

Other guinea pigs intermittently subjected to 
23,000 feet for 100 hours and then to 30,000 feet for 
another 100 hours showed no overt symptoms of 
brain injury Each of four ammals studied histo- 
logically had focal areas of anemic softcmng in the 
cerebellum There were no hemorrhages and no 
generabied cytopathology wras observed Similar 
results were less consistently encountered after 
subjection to 30,000 feet for 100-150 hours inter- 
mittently [Aided by a grant from The National 
Foundation for Infantile Paralyats, Inc 1 
The retention and excretion of continuously ad- 
ministered intravenous salt solutions in man 
A V Wow {introduced by H E Himwich) Dept 
of Pkytiology and Pharmacology, Albany iledical 
College, Albany, N Y When NaCl solutions are 
infused intravenously at constant rate (7 cc /min 
for 7 hours) the urinary concentrations of Na and 
of Cl, ns well as the cc of unno formed per minute, 
approach steady state values which are calculable 
by the following equation of steady state (uncor- 
rccted for insensible water loss) 

U (Ar)ya — Ijfa (Ar)c« ~ Ie« 

1 (Ar)/ia “ Ujia (Ar)c« ■" Uc» 

where u and i are the cc /min of unne and intake 
flow respectively , U and I are the respective unno 
and intake fluid concentrations of Na or of Cl , and 
At is the threshold of retention (normal plasma 
concentration of Na or of Cl) 

When NaCl is infused the limiting isorrhcic con- 
centrations for Na and for Cl arc equal (ca 290 
nicq /I ), and the minimal isorrhcic concentrations 
for Nn and for Cl arc also equal (ca 20 m cq /I ) 
The concentrations of Na and of Cl when they are 
between these cntical concentrations, assume 
values which satisfy equation (1) to the extent of 
constituting supirorting ctidcnce for its validity 
Voluntary (scir-prolcctivc) maneuvers which 
can be used to increase man’s tolerance to positive 
acceleration (motion picture) E H Wood and 
G A 1IXU.TM1ECK (introduced by C P Code), 
Acceleration Laby , Mayo Aero Medical Unit, 
Pochcitcr, Minnaola Systolic blood pressure is a 
most important factor in determining man’s tol- 
erance to sudden cxjiosurc to high jxisitive ac- 
celera’ions in the sitting position Exposure to 6 
g for a duration greater than the symptom 


latent penod of the retina or cerebrum to acute 
ischemic anoxia (3-10 seconds) usually produces 
blackout or unconsciousness At this acceleration 
due to the height of the brain above the heart a 
systohe pressure of 120 mm of mercury at heart 
level affords a systohe pressure of only 5 mm of 
mercury at brain level and symptoms therefore 
result 

It has been found that voluntary maneuvers 
producing a temporary hypertension and aiding 
venous return will enable many individuals to 
maintain vision at 9 g These maneuvers utihze 
either the pressor effect attained by coordinating 
muscular straimng with a type of forced respira- 
tion or self-induced pressor reflexes such as occur 
immediately after a Valsalva maneuver of ten sec- 
onds’ duration Blackout prevention to 8 g by 
one such maneuver (M-l) is illustrated This 
maneuver is described to pilots as follows “Just 
before the g comes on with all your tirength 
pull y our chin in and your shoulders up Simultane- 
ously push your belly againsta tightly drawn safety 
belt as if straimng at stool As y ou do this, y ell the 
word “Hey” as continuously as possible Use up 
nearly all your breath on each “Hey”, then take a 
breathas quicUy as possible and immediately start 
yelhng again Keep this up as long as you hold 
the g ” IWork done under contracts with (J) 
United States Army Air Forces, Knghi Field, 
Dayton, Ohio, and (S) the Ofjhce of Scientific Re- 
search and Deiclopment, National Research Coun- 
cil, Washington, DC] 

The effect of anti-blackout snits on blood pres- 
sure changes produced on the human centrifuge 
E H Wood and E H Lambeet Acceleration 
Laby , Mayo Aero Medical Unit, Rochester, Minne- 
sota Direct arterial pressure (radial artery ) was 
recorded in thirteen men during exposure to posi- 
tive acceleration with and without anti blackout 
suit protection The procedures used arc described 
in another abstract (see Lambert and Wood) 

At the level of the eyes the decrease in blood 
pressure per g increase in accclemtion averaged 
32 mm Hg systohe and 19 mm Hg diastolic 
without the suit and 20 and 14 mm Hg rcsjiec- 
tivcly with the smt At heart level with onset of 
acceleration, the pressures decreased on the av cr- 
age without the suit 3 0 mm Hg systohe and 0 0 
mm Hg diastolic per delta g, while with the suit 
these pressures increased 5 0 mm Hg per delta g 

The anti blackout suit increased g tolerance 
by 1 4 g, g, 1 7 g and 1 7 g as determined 
by visual symptoms, blood content of the ear, 
car pulse and blood pressure at eye level, rcspec 
lively 'The protection afforded blood prc'surc 
was significantly greater than that afforded 
vision (P < 0 001) Tins was as'mciatcd with a 
tendency for vnsual symptoms to occur at liiglier 
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levels of blood pressure vith the suit tlmn with- 
out it 

Inflation of anti-blnckout suits produces an in- 
crease m blood pressure at heart level which is 
most marked during exposure to positive accelera- 
tion This effect is responsible for the increased 
g tolerance produced [IFork done under con- 
tracts with (/) United Stales Army Air Foreca, 
Wright Field, Dayton, Ohio, and (S) the Office of 
Scientific Research and Development, National 
Research Council, Washington, D C ] 

Electrical responses in gyrus dngull cNokcd by 
electrical stimulation of ipsilateral mammillary 
body in cot and monkey Cunton N Woonsni, 
Francis M Dick (by invitation) and Ronrnr II 
Frantz (by invitation) Dept of Physiology, Johns 
Hopkins Univ , School of Medicine, Baltimore B, 
Md (Read by title ) The medial wail of one hemi- 
sphere and one mammillary body were exposed by 
careful removal of all neural tissue of the opposite 
side down to the level of the pons Fine electrodes, 
1 mm apart, insulated to the tips, were used to 
conduct single condenser discharges to the medial 
and interior parts of the mammillary body For 
each point stimulated the cortical area of response 
was defined and cortical records were taken at 
points 2 mm apart along rectangular coordinates 

In cats two cortical areas of response were found 
one above the postenor half of the corpus callosum 
This extended around the splcmum posteriorly and 
into the visual area superiorly Often this area 
alone was activated and it always gax'c largest 
responses with shortest latencies The second area 
of response occupies the medial surface of the 
frontal lobe, below the level of the corpus callosum 
Here records showed a small early surface positive 
wave and a later slower component The slower 
component never occurred without response in f the 
retrosplenial area Latency relations and a sur ace 
negative wave above the anterior corpus callosum 
suggested that the retrosplemal area relayed to the 
rostral area In monkey, only the retrosplemal 
area (areas 23 and 29, Bailey etal J Neurophystol , 
1944) could be activated The pathway out of the 
mammillary body is the mammillothalamic tract 

The study demonstrates by electncal methods 
projection of the mammillary body to the gyrus 
cinguli 

Comparative studies on dual somatic afferent 
areas m cerebral cortex of rabbit, cat, dog, pig, 
sheep and monkey Clinton N Woolsby Dept 
of Physiology, Johns Hopkins Univ , School of 
Medicine, Baltimore, 6, Md It is generally consid- 
ered that each main afferent system has one 
“primary” pathway into the cerebral cortex 
Oscillographic studies show that there are at least 
two somatic (Adrian), visual (Talbot) and audi- 
tory areas (Woolsey and Walzl) These are termed 
provisionally somatic, visual and auditory areas 


I and II Areas I correspond to classical “primary” 
receiving areas, each area II was “second” in time 
of discovery 

Somatic area I (postcentral liomologuc)]BBtnctly 
contralateral in relation to skin, except for part of 
the face area winch is ipsilateral and present in all 
species studied Somatic I vanes from species to 
species in development of its various subdivisions, 
apparently according to specialization of pe 
riphcral receptor surfaces 

Somatic area II (Adnan’s “second”) lies on th( 
superior bank of the sylvian fissure in monkey, ii 
the anterior cctosylvian gyrus of carnivores anc 
ungulates, in For B (Rose) of rabbit liiBbilatera, 
in relation toskin, receiving impulses fromall parts 
of llic body surface, largest responses are froH 
snout, limb apices and tail Differentiation within 
somatic II increases from rabbit to monkey but 
docs not parallel that of somatic I Face areas 1 
and II arc contiguous 

Existence of dual areas for each major sensory 
system suggests a fundamental principle of neural 
organization which apparently is not limited to 
cerebral cortex (Cf Snider and Stowell on cere- 
bellum), and may extend to the peripheral nervous 
system 

Further studies of cortical and retinal influences 
upon vestibulo-ocular reflexes H T Wycts (by 
invitation) and E A Spiegel Dept of Exp 
Neurology, Temple Univ Medical School, Phila- 
delphia, Pa Continuing our previous experiments 
on the effect of cerebral lobectomies upon postrota- 
tory nystagmus (Wycis and Spiegel, Fed Proc 4 
79, 1945), we compared the effect of partial lesions 
of the frontal and the occipital lobes with that of 
complete lobectomies ujion the excitability of the 
vestibulo-ocular reflex arc in dogs and cats Fur- 
thermore retinal impulses were elinunated by 
transection of both optic nerves, and this opera- 
tion was combined with lobectomies Following 
the bilateral optic nerve section, the duration of 
the postrotatory nystagmus was increased to 2-3 
times and the number of jerks to 1 4-7 times the 
preoperative values In this stage of increased 
reactivity of the vestibulo-ocular reflex arc, some 
dogs displayed a pronounced “after-after” dis- 
charge following labyrinthine stimulation by turn- 
ing, the rotation being followed first by a nystagmus 
in the opposite direction and then one beating m 
the direction of rotation Occipital lobectomy m 
these dogs with cut optic nerves failed to produce 
the directional preponderance to the side of t e 
lobectomy usually appearing in normal dogs after 
this operation It is inferred that the increase 
reactivity of the vestibulo-ocular reflex arc follow- 
ing occipital lobectomy is due to a release of this 
system from an inhibitory mechamsm originating 
in the retinas 

Correlation of electrical and mechanical events 
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in (he infestinal lumen of unanesfhelized dogs 
W B Yotoians and Ltnn Foltz (by invitation) 
Umv of Oregon Medical School, Dept of Physi- 
ology, Portland Simultaneous oseilloBCopic records 
were obtained of the changes in the potential of 
the mucosa and of changes lu pressure within the 
lumen of Thiry jejunal fistulae in unanesthetized 
dogs 

Records were obtained dunng rhythmic activity 
and dunng moderate distention The effects of 
adrenahn, atropine, phjsostigmin, and chobne 
denvatives were studied 
There is a slow smooth potential c h ange which 
begins 8 second ± 4 second pnor to the beginmng 
of the increase in pressure associated with each 
rhythmic contraction There are numerous medium 
fast potentials confined to the penod of rising 
pressure The latter are accentuated bj chobne 
denvatives and physostigmm and are eliminated 
by atropine and adrenahn even though the slow 
smooth rhythmic potentials persist in modified 
form The findings will be compared with those of 
Puestow, of Berkson, and of Bozler and others who 
used different recording devices and different ev- 
penmcntal preparations The medium fast wai es 
are interpreted, in agreement with Bozler, as 
smooth muscle action potentials The source and 
mechamsm of production of the slow rhj’thmio 
potential changes remains unknown 
If the intestine is distended, bj procedures 
identical with those used to elicit the intestino- 
intesVinat minbitory reflex, a. burst of very fast 
small potentials, having the same characteristics 
ns those recorded from sympathetic ganglia, is 
imtiatcd When the distention is removed these 
potentials gradually become less frequent so that 
soon discrete spikes arc seen These are interpreted 
as action potentials in nerre fibers lying close to 
the mucosal surface 

The passage of endogenons estrogen across the 
parabiotic union In rate Isoi-de T Zeckweh 
Vniv of Pennsyhama Medical School In former 
experiments (Arch Path 38 09, 1942) the author 
described changes in the pituitary, ovancs and 
mammary glands in rats umlcd in parabiosis with 
o\-aricctomizcd rats for many months During the 
first 2 weeks nhen FSH from the pituitary of the 
ovariectomizcd rat A passes to the intact rat B 
stimulating the cranes of B to secrete estrogen, 
the ragina of B becomes cormfied and that of A 
atropine In the present expenmonts, histological 
sections show that dunng the next month nhen 
estrogen stimulates the pituitary of B to release LH 
vith consequent formation of many large corpora 
lutca, the slate of the vagina of B changes from 
cornificalion to muciGcation, and the rapna of A 
becomes cormfied Tlius apparently nith exccssne 
lufcimzat ion in B, estrogen is raised to such a le\ el 


that it can pass to A, whereas in B, progestin over- 
balances estrogen in its effect on the vagina and 
results merely in mucification Subsequently, 
fluctuating estruB in B, noted by others, suggests 
that estrogen reaching A modifies the secretion of 
FSH by the pituitary of A Mammary glands 
remain atrophic in A, indicating that the castrate 
pvtvut&ry , even when estrogen is eireulating in A, 
does not release mammotropic factors After 6 
weeks the pituitary of B is exhausted of LH, aU 
corpora lutea disappear and then occur the changes 
previously desenbed dependent upon continuous 
presence of estrogen in B and its absence in A 
These data amplify the findings of previous 
workers 

Studies on spontaneous hemostasis, with 
evidence for a humoral factor Maiuoeie B 
ZucKEE (introduced by M I Gregerson) Dept 
of Physiology, College of Physicians and Surgeons, 
Columbia Univ (Read by title ) Non muscular 
venules in the mesoappendix of nembutabzed rats 
were observed microscopically before and after 
transection A platelet thrombus formed at each 
stump and bleeding stopped withio 4 minutes 
(average), without evidence of vasoconstriction 
Bleeding usually recurred, often repeatedly, 
through or around the thrombus for periods up to 
75 minutes In similar experiments on rats with 
thrombocytopomc purpura produced by anti- 
platclet serum, no thrombus was seen, and bleeding 
was continuous until death 

When nmscular meseTitenc. veins viere nicked, 
marked local venous constnction occurred vnthin 
15 seconds, followed by the formation of a white 
thrombus When bleeding cessed (2 imnutcs 
average), local constnction of the artery accom- 
panying the vein was usually evident opposite the 
thrombus In 6 evpenments, bleeding ceased 
permanently , in 8 it recurred bnefiy once or twice 
and in 2 cases it was renewed for long penods 
One week after splanchmc nerv c section hemostasis 
was normal In thrombocytopeme rats, no thrombus 
or local arterial contraction was seen, despite 
venous constnction, bleeding continued umn- 
tcrruptcdly Hepanmzcd rots (500 to 2250 umts/ 
kg) usually formed thrombi but continued to bleed 

Thus, platelet thrombi are essential to hemo 
stasis Local v enous constnction occurs in muscular 
vessels, probably jiartly the result of mcchamcal 
stimulation of smooth muscle Vcnoconstnction 
may be rcsjxmsiblc for the lower incidence of re- 
newed bleeding in these as comjxircd with non- 
rauscular vessels The local arterial constnction 
which occurs onlv near the thrombus, as well as 
part of the venous contraction, is probably a 
response to the vasoconstnetor substances in the 
blood platelets [Aided by a grant from the Baruch 
Comirittec on Phustcal Medicine to Colunhia l/nir [ 
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Effect of carbohydrate feeding on the urinary 
output of amino acid and other metabolites in 
man. Antuoni A Aldanesb and Vihoinia Innr 
and Jane E Frankston (by invitation) Dept 
of Pediatrics, New York Univ College of Medicine 
The long known and well confirmed observation 
that extra carbohydrate administration induces 
N and urea retention in man and oxporimenlal 
animals suggested the undertaking of a study' on 
the effect of supplementary carbohydrate feeding 
on the urinary output of ammo acid and other 
metabolites Experiments on this point yielded 
the follow'ing findings 

Admimstration of 26 gm of glucose or sucrose 
wnthin an hour of a standard breakfast to each 
of 3 adult subjects was observed to consistently 
lower the urinary N output by 150 ± 50 mg for the 
ensuing 3 hour period as compared to a normal 
baseline value Analyses of these specimens dis- 
closed the N-rotention to bo reflected principally 
in a decreased urea excretion and to a lessor degree 
in a drop of the amino N, creatinine, creatine and 
argimne levels Measurements of the phony 1- 
alamne, histidine, total S, indican, mcthiomnc, 
cystine and total phenol output showed no sigmfi- 
cant correlative variations Following carbohydrate 
ingestion, the excretion of tryptophane of one 
subject (male) regularly fell to zero from a normal 
of 12 mg for the period, whereas in the other two 
subjects (females) the output of this metabolite 
was decreased less abruptly and regularly subse- 
quent to the sugar feeding 

Supplementary experiments demonstrated that 
(a) ingestion of 50 gm instead of 25 gm of the 
sugars did not augment N and urea retention or 
alter appreciably the output of other metabolites 
from the 25 gm intake level, (b) the N retention 
effect of supplementary carbohydrate feeding is 
adversely affected, and can even be abolished, 
by abnormal urine volumes, and (c) ingestion of 
25 gm of Z-arabinose failed to induce N, or urea 
retention 

Estimation and characterization of bound 
ammo N of normal human urine Anthony A 
Albanese, L Emmett Holt, Jb , Jane E Fbank- 
STON (by invitation) and Virginia Irby (by 
invitation) Dept of Pediatrics, New York Untv 
College of Medicine An estimation and charac- 
terization of the bound amino acids in human urine 
would be of value in the correlation of excretion 
patterns in dietary ammo acid deficiencies and 
perversions of protein metabolism To facilitate 


evaluation of bound ammo N in the abnormal, a 
study of the cliaractcristics of this fraction in the 
normal human was undertaken 
Aliquots of 24-hour protem-free urine specimens 
from 10 adults on normal diets were submitted to 
ammo acid analyses prior and subsequent to a 24 
hour hydrolysis under reflux with ON HCl This 
treatment was found to increase the average amino 
N from 170 =b 50 mg to 638 zt 217 mg or 3 8 ± 0 9 
to 11 0 =b 1 0 per cent ammo N of the total N 
These data indicate that 70 per cent of the total 
urinary ammo acids occur m a bound form The 
increment in ammo N so obtained was character- 
ized by an increase of the average daily methiomne 
value from 188 mg to 401 mg , of cystine from 49 
mg to 80 mg , and hydroxy ammo N from 16 to 103 
mg Since the chromogeme groups of argimne, 
histidine and tyrosine arc known to yield colors 
even in whole proteins, as might be expected, the 
figures for these aimno acids were not altered 
appreciably by' the hydrolysis An erratic but con- 
sistent decrement observed in the phenylalamne 
value subsequent to hy'drolysis was found to be due 
to destruction of this ammo acid Hydrolysis of 
urines in the presence of 10 per cent barium 
hydroxide failed to augment the tryptophane 
content 

The in vivo inactivation of brain cytochrome 
oxidase and its effect on glycolysis and on high 
energy phosphorus reservoirs in brain Habrt 
G Albaum (by invitation). Jay Tefpebman (by 
invitation) and Oscar Bodansky Chemical 
Warfare Service, Edgewood Arsenal, Md In an 
attempt to elucidate the mechamsm of cyamde 
poisomng in intact ammals, rats were injected with 
sodium cyamde mtrapentoneally' (6 mg Ae ) 
studies made on brain cytochrome oxidase activity 
and on a number of intermediates in carbohydrate 
metabolism In tests on cytochrome oxidase activ 
ity, brains were removed between 3J and 8 minutes 
after injection, homogemzed in a Wanng blen or 
and the enzyme activity determined spec ro 
photometrically from the rate of oxidation o 
cytochrome C Carbohydrate intermediary com 
pounds were determined on control and 
mental ammals by placing both under nem u 
anaesthesia (50 mg /kg ) and injecting cyani 
after ten minutes After four additional minutes 
both groups of ammals were killed by 
in liquid mtrogen Brains were removed w i c 
ammals were still frozen and the following deter- 
mined glycogen, lactic acid, inorgamc phosp > 
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adenosine tnphosphate, adenosine diphosphate, 
phosphocreatme, fructose, diphosphate, phos- 
phopyruvate and phosphoglycerate 
Eats treated as aboie showed a SO per cent 
diminution in brain cytochrome oxidase activity, 
decrease in glycogen, and increases in inorganic 
phosphate, lactic acid, hexose diphosphate, phos- 
phoglj cerate and phosphopyruvate These changes 
show a shift to anaerobic metabolism The decrease 
in phosphocreatme and adenosmetnphosphate and 
the increase in adenosinediphosphate indicate that 
energy derived from these glj colytic processes is 
inadequate to maintain the high energy phosphorus 
reservoir of the cell at a normal level These ob- 
servations suggest that in the brain the mamte- 
nance of the high energy phosphorus reservoirs is 
dependent upon aerobic processes mediated largely 
through the cytochrome oxidase system 
The relationship between cytochrome oxidase 
and snccimc dehydrogenase in the developing 
chick embryo HAjenr G Albauit, Alex B 
Novikoit, and Maceice Oguk (introduced by 
Elvin A Kabat) Broallyn College, Broollyn, 
N Y Succinic dehydrogenase and cydochrome 
oxidase generally occur together in ammal tissues, 
and both are presumed to be associated with 
macromolecular entities The present study was 
undertaken to determine whether changes in the 
concentration of cydochrome oxidase during the 
development of the chick, prcvuously reported 
by one of the authors, are paralleled by corres- 
ponding changes in succimc dehydrogenase con- 
centration 

A varyong number of embryos of approximately 
the same ago (determined by examination of the 
embryos) were horaogcmzcd in a small quantity of 
cold distilled water, and the homogenates analy zed 
for both enzymes The embryos analyzed ranged 
in average age from 32 hours to 11 days Enzyme 
activity nas determined in the Warburg at 37°C , 
using ascorbic acid as a substrate for cydochrome 
oxidase and sodium succinate for succimc dchy dro- 
genaso 

By this method of analy sis, the succimc dehydro- 
genase activity can not bo reliably determined until 
the second day, but even the earliest embryos 
gives consistent data for cytochrome oxidase 
activ ity 

The relationship of the two enzymes can best bo 
expressed in terms of the ratio 

cydochrome oudaso activuty 
succimc dehydrogenase activity 
This ratio IS high at two days, decreases until 
the fifth day , and then remains at a fairly constant 
level through the eleventh day 
Thus, changes in cv tochrome oxidase concentra- 
tion are not yMralJeled bv changes in eucemte 
dchv drogenase concentration until the fifth day 
of dev rlopmcnt 


Some properties of lysozine Goedox Aldehtox 
(by invitation), H L Fevold, and H D Ltght 
BODT IFesfem Regional Research Lahy Albany, 
Cttltf Lysozyme is inactivated by reagents which 
attack the reactive protein groups Formaldehyde, 
benzoyl chloride, or phenyhsooyanate in alkabne 
solution or formaldehyde in gaseous form com- 
pletely inactivates the punfied ly sozyme, as does 
mtrous acid Methylation by solution in methyl 
alcohol acidified with hydrochlonc acid results in 
complete inactivation also Reagents such as 
acetic anhydride, acetic anhydnde plus pyridine, 
acetyl chlonde, benzoyl chlonde, or phenyl- 
isocyanate do not react with lysozyme under 
anhydrous conditions at 25‘’C , as indicated by 
unchanged solubihty and bactenolytic activity 
Lysozyme has been found to be rather stable in 
solutions over the pH range of 3 to 11 at 23'’C 
After three months no loss of actmty had taken 
place at pH 9 0 or below and only 25 per cent loss 
was found at pH 10 and 11 At pH 12, 60 per cent 
loss took place in 7 day s 
The reported inactivation with iodine and reac- 
tivation with sulfite (Mey er, K , ct al , J Biol 
Chem , 113, 303, 1936) has been confirmed In no 
case, however, has inactivation vnth iodine been 
complete nor has reactivation been complete 
Analysis of the pure lysozyme showed that it is 
composed of 48 7 per cent carbon, 6 74 per cent 
hydrogen, 17 5 per cent Nj, 2 3 per cent sulfur, 
and (by difference) 24 8 per cent Oj 
Mefabohsm of cinchomnc in dogs and man 
James C Axtjkews and W E Cornatzee (by 
invntation) Dept of Biological Chemistry and 
Nulntion, School of Medicine, Vniv of North 
Carolina, Chapel Bill Compansons of the meta- 
bolic bchavuour of cmchomne in dogs and in man 
have confirmed the conclusions of Hiatt to the 
effect that in contradistinction to other common 
cinchona alkaloids, cmchomne, admimstcrcd to 
human subjects, appears in the blood stream in 
such slight concentrations as to be hardly detect- 
able However when administered to dogs it pro- 
duces blood concentrations of about the same order 
as do the other common cinchona alkaloids Further 
compansons in both dogs and human subjects u ere 
therefore made using carefully punfied samples of 
the dihy drochlondcs of quimne, cinchomdinc and 
cinchomnc In two dogs uith isolated intestinal 
loops, the rates of absorption of the three alkaloids 
were not markedly different and the resulting 
blood levels were about the same The percentage 
unnarv excretion of that portion of the drug ab 
sorbed from the loop was higher for both cmchomne 
and cmchomdme tlian for quinine However, with 
normal human subjects, cinchomnc differed 

•Bure»a o' Axncultur»J «ad Indortrul Chonmiry Act 
ctiltui] Rtoeurcli Admmilratwn D E J>p»rt»rst of 
Atnoultiao 
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sharply in producing blood concentrations of less 
than one mgm perl Its percentage urinary excre- 
tion nas also loner Other work has deinonstraled 
that this result is not duo to a lower rate of absorp- 
tion in the human [Supported by a grant Jrom 
the Samuel S Pels Fund | 

Mechanism of skeletal disuse ntrophj W D 
Ahmstkonq Lahy of Applied Biochcmialry, Umv 
of Minnesota, Minneapolis Tlie specific activity 
of the urinary phosphorus of rats, in the interval 
9-14 weeks after subcutaneous administration of 
radioactive phosphorus, decreases so slowlj ns to 
afford a moans of determining the specific activity 
of the plasma inorganic phosphorus The phos- 
phorus specific activity of the humeri of rats, 
7 or more w ceks after administration of radioactive 
phosphorus, is greater than that of the urine (and 
plasma) and decreases with tune ns was shown in 
experiments in w Inch one arm w ns amputated three 
weeks before the animals were &acrificcd The 
phosphorus specific nctnities of the humeri of 
normal and paralj'zed limbs of rats were found to 
be equal when unilateral brachial ixaralisis was 
produced 11 weeks after administration of radio- 
phosphorus and three weeks before the animals 
were sacrificed The excliange of phosphorus by the 
humeri of normal and paralyzed limbs for that of 
the blood was found to be equal in experiments 
in which bone formation was made a negligible 
factor by sacrifice of the ammals within a few 
hours after admimstration of radiophosphorus 
These results indicate that skeletal atrophj of 
paralyzed limbs is due primarily to increased 
bone resorption [Supported by a grant from the 
Josiah Macy, Jr Foundation ] 

Skeletal atrophy from disuse W D AnM- 
STRONG Laby of Applied Biochemistry, Untv of 
Minnesota, Minneapolis Continuing work previ- 
ously reported (Fed Proc 4,81 (1945), the follow- 
ing results have been obtained in experiments in 
which the nerves of the right brachial plexus of 
mature male rats were sectioned and the ammals 
allowed to live 21 days following the operation, 

(a) Diets grossly deficient in calcium or phosphorus 
produced markedly reduced percentage of ash, 
fat-free and total ash weight of the humeri of the 
normal limbs The mean atrophy of the paralyzed 
limbs was 36 8 and 31 2 per cent respectively for 
these two groups (13 7 per cent in a control group) 

(b) Enrichment of an adequate diet with calcium 
or with phosphorus produced no differences from 
the controls in the humeri of the normal or para- 
lyzed limbs (c) A diet grossly deficient in protein 
markedly reduced the amount of bone in both 
Rumen The atrophy of the paralyzed humeri w'as 
29 6 per cent The ash percentage of both humen 
was increased (d) Ammals restricted to six grams 
per day of an adequate diet exhibited reduced 
fat-free and total ash weights of both humeri and 


normal percentages of ash The atrophy of the 
paralyzed limbs was 21 4 per cent (e) Estradiol 
dipropionntc (2 6 or 6 micrograms by subcutaneous 
injection on alternate days) increased the per 
conlagc of ash, fat-frcc and total ash content of the 
humeri and decreased the atrophy of the paralyzed 
limbs [Supported by a grant from the Josiah Macy, 
Jr Foundation J 

Acffvntor for soybean lipoxidasc A K Bails, 
Rfrnard Axeirod and Marian W Kies (by 
in\ Ration) Bureau of Agricultural and Industrial 
Chemistry, U S Dept of Agriculture, Albany, 
California The existence of a poorly defined mate- 
rial of wide occurrence capable of “activating” 
soybean lipoxidasc was reported by us* Cosby 
and Sumner’ have since reported that, "Ckintrary 
to the findings of Balls, et al , our investigations 
have revealed no activator for lipoxidasc” 

We have repeated the experiments of these 
authors The failure of Cosby and Sumner to find 
activator in soybeans, malt, etc , was due to the 
inclusion of gum arabic in their tests Four dif- 
ferent specimens of gum arabic tested by us were 
found to contain considerable activator The 
quantity of gum used by' Cosby and Sumner was 
sufficient to giv e full activation Thus their system 
IS unsuitable for demonstrating the activating 
effect of other matcnals, but if gum arabic is 
omitted therefrom, the activating effect of our 
preparations can be demonstrated 
Alcoholic fractionation of gum arabic enabled us 
to concentrate the “activator” tenfold Like the 
soybean material, it was soluble in 60 but precipi 
tated by 90 per cent ethanol 
Attention is called to our published opimon that 
the “activator” functions as a stabilizer, not as a 
coenzyme, for the quantity required for maximum 
activation does not depend on the amount of en 
zyme but on the amount of substrate present, thus 
explaimng the unusual substrate optimum re 
ported for this sy'stem ’ 

The oxidative pathway of pyruvate metabolism 
E S Guzman Barron, Grant R Barti^ 
(by invitation), and George Kalnitskt ( y 
invitation Univ of Chicago, Chicago Barron an 
Miller^ showed in 1932 that pyruvate is oxidized 
by gonococci into acetic acid and COs This oxi 
dative pathway has not yet been demonstrate m 
ammals or plants, and the many schemes 
lated to explain the metabolism of pyruvate by 
animal tissues have not considered its oxi 
to acetic acid and CO* Of the different halogens e 
acids, fluoroacetate has been found to act as speci 


tails, A K , Axelrod, B , and Ees, M W , J Biol Cbem 

B (19^3) . „ V ™ 8 259 

Josby, E L , and Sumner, J B , Aroh Bioobom 

!umner,J B , and Sumner, R J.J Biol Cham IM 

tarron, E S G , and MiUer, P C , J Biol Chem 
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inlubitor of acetate metabolism it inhibits the 
oxidation of acetate b> human and rat ladnej 
cortex slices, by rat li\cr and heart slices, bj 
bakers’ jeast, and by Corynebactcnum ereatino- 
vorans It inhibits also the synthesis of carbohj - 
drate and citrate from acetate by jeast, and C 
crcalinoiorans, and the synthesis of carbohydrate 
by rat kidney slices This inhibition is of the 
competitive type, for it can be partially reversed 
onaddition of large amounts of acetate When tissue 
slices (kidney, liier, heart) or yeast were incu- 
bated in the presence of pj ruvate and fluoroacetate, 
an accumulation of acetate was demonstrated by 
the specific lanthanum color reaction, in the 
absence of fluoroacetate no acetate was found 
This accumulated acetate was produced by the 
oxidation of pyruvate and by the inhibition of 
acetate oxidation by fluoroacetate Fluoroacetate 
did not inhibit the dismulation, the reduction, 
or the decarboxylation of pyruvate nor did it have 
any effect on the oxidation of isocitrate, a keto- 
glutarate, malate, or succinate by their respective 
oxidation enryuncs 

Ascorbic acid and tyrosine metabolism Dakiei/ 
H Basinski (by invitation) and Robeet R 
Seaeock Dept of Vital Economics, Vniv of 
Rochester, Rochester In an attempt to determine 
the point of action of ascorbic acid in its previously 
described role in phenylalamne and tyrosine 
metabolism, selected dcnvatives and motabohe 
intermediates have been synthesized and fed to 
scorbutic guinea pigs with and without ascorbic 
acid supplementation Each compound was selected 
in order to tost specific and individual features of 
the structures of the two ammo acids Included 
were d phenylalamne, d-tjrosinc, phony Ipyruvic 
acid, p hydroxy phony Ipyruvic acid, acctjl-1- 
phonjlalamno, N acetj 1-1 -tyrosine, diacetyl-1- 
tjrosino, p mothoxj phony lalamnc, phony lammo- 
butync acid and S bcnzjlcjstcine With the 
daily feeding of 2 76 millimols of each, the unnary 
excretion of alpha keto acids, tj rosine phenols 
(Ijrosjl value) and homogentisic acid was deter- 
mined , 

The results obtained indicate that each of the 
above compounds, with the exception of phcnjl- 
pjruvic acid, is metabolized by the guinea pig 
nilhoul dependence upon an adequate intake of 
ascorbic acid Phenj lalamnc, phony Ipjruvnc acid 
and l-tyrosine proved to be the only compounds 
dependent upon sufficient ascorbic acid for their 
metabolism It, therefore, may be concluded that 
the vitamin operates in the sequence of reactions 
involving these three compounds at a point pnor 
to the formation of the tv rosine keto acid It al«o 
acenvs certain tlial this metabolic activity of the 
Vitamin is extremely specific with regard to the 
structural cliaractenstics of the compound being 
mctalHilircd 


Isolation and characterization of two antigenic 
fractions of proteus OX-19 Aaeon Bexdich 
(by invitation) and Eewix Chabgut Dept of 
Biochemistry, Columbia Univ Two antigens from 
Proteus OX-IB, an orgamsm known to be aggluti- 
nated by typhus convalescent sera, have been pre- 
pared and charactenzed in a vanety of way s The 
extraction of the micro-orgamsms with trichloro- 
acetic acid (or, although this is less effective, their 
digestion with crjstaUine trypsin) yields two 
antigemc fractions, different in immunological 
specificity and in particle size, but rather similar 
in chemical composition A heavy particulate 
fraction (C-2), sedimentable at high centrifugal 
speeds, is endowed with specificity to typhus sera 
as well as to Proteus antisera, a lighter fraction 
(C-11) possesses Proteus specificity only Both 
fractions, which are homogeneous electrophoret- 
ically, are phosphorylated lipocarbohj drate- 
protem complexes The typhus-reactive fraction 
C 2 loses its precipitabilitj by typhus sera when 
heated or freed of lipids 

The study of the chemical composition of the 
antigens revealed them as complexes consisting of 
a) lipids (with a high proportion of free fatty 
acids), b) a protein or polypeptide (including 
argimne, lysine, glutarmc acid, leucine, isoleucine, 
proline and phenylalamne, but free of histidine, 
tyrosine, and tryptophane), c) a poljsacchando 
(contaimng hoxoses, fiz , mannose, galactose, and 
perhaps glucose, and N-actjlglucosamine) Part 
of the orgsmcally bound phosphorus is present in 
the form of an extremely acid-labile linkage In 
connection with the presentation of a modified 
method for the estimation of amino sugar, the 
evidence for the occurrence in these antigens of 
N acetj Iglucosamine contaimng phosphoric acid 
in ester linkage is discussed A method for the 
quantitative determination of acetyl groups by 
means of isotope dilution is likewise presented 
(If ork done under contract unth the Oficc of Scientific 
Research and Derelopmenl ] 

Kinetics of the iodinatlon of tyrosine Louie 
Behgeh (by invitation) and Pmup A Shaiter 
Dept of Biological Chemistry, Washington Vnn 
School e>f Medicine, St Louis The rate of the 
reaction, 

Tjroaine-f 2I--»2,C Diiodotj rosine -f2ni, (I) 
IS desenbed by a bimolccular equation The rate 
of the reaction is inversely proportional to (H*] 
and to the square of [l“],and dircctlv proportional 
to the buffer concentration, confirming the work of 
Li, (J Amcr Chem Soc ,6G 22S (19t-})J 

All buffers arc not cquallv cffectiv c, and in gen 
oral the rate is a function of the di'rociafion con- 
stant of the buffer and of the number of charges 
borne by the components of the buffer system 
Thc'c buffer effects arc not accounted for by 
vanation of ionic strength, but conform with 
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Bronstcd’e analysis of buffer catnlyaiB IZ pbjsiknl 
Chem , 108 185 (1924)] 

The effects of (H^] and (1“] arc cxplainabjc on 
the assumption tliat IIOI rather than Ij is tlio 
primary lodinating agent Increasing the (II+J 
or the [I"] decreases the amount of IIOI resulting 
from the following equilibrium reactions 

Ii 5=^ I* + I~ (2) 

and 

I* + HjO ^ HOI + 11+ + I- (3) 
which are known to evist in aqueous solutions 
of I, 

The effect of buffer concentration on the rate of 
reaction (1 ) is also explained on the basis t hat IIOI 
IS the lodinating agent since it has been found 
that increasing the buffer concentration increases 
the equilibrium constant of reaction (3), i e , 
increases the [HOI] present at equilibrium 
The observed temperature coofTicicnt of reaction 
(1) (Qio» ±4 0) is slightly lower tkan the tempera- 
ture coefficient expected from calculations in- 
volving only variations of [HOI] with temperaturo 
It appears, therefore, tliat the lodination of tjro- 
sine by HOI has a ncgatia c temperature coefficient 
On the formation of acetylcholine by choline 
acetylase in the nerve axon M BEmiAN and 
D Nachuansohn (introduced bj H T Clarke) 
College of Phystcians and Surgeons, Columbia 
Umv , New Yorh The high concentration of a 
specific cholinesterase in the nerve axon is one of 
the essential facts in favor of the concept that the 
release of acetylcholine is on intracellular process 
associated with the nerve action potential The 
presence of a specific and highly active enzyme 
mechanism indicates that the ester may bo meta- 
bolized there at a high rate It suggests the possi- 
bility that acetylcholine may be formed in the 
axon as well as at synaptic regions 
As shown by Nachmansohn and Machado, 
acetylcholine is formed by choline acetylase, an 
enzyme system extracted from brain but not found 
in other organs This enzyme forms actylcholine 
m cell free solution in the presence of adenosine 
triphosphate under strictly anaerobic conditions 
Formation of acetylcholine by choline acetylase 
has been demonstrated in the axon as well as at the 
synapse 1 gram of rabbit sciatic forms 70 to 90 
#ig of acetylcholine per gram per hour 
The interdependence of acetylcholine formation 
and function has been tested on degenerating 
rabbit sciatic 48 hours after section of the nerve 
when conductivity is still possible, the rate of 
formation has decreased by only 20 to 25 per cent 
72 hours after section, at a time when conductivity 
has disappeared, the loss of enzyme activity 
amounts to about 60 to 70 per cent 

The sigmficance of the high rate of acetylcholine 
formation in the nerve axon by choline acetylase 
will be discussed in connection with recent criti- 


cism donjing a correlation between acetylcholine 
metabolism and conductivity 
l-H>droxy acid oxidase M Blancbajid (by 
invitation), D E Guffs, V Noaro Cahhou, 
(bj invitation) and S Ratsfu Dcpls of Medicine 
and Dtochcmislry, College of Physicians and 
Surgeons, Columbia Umv The / ammo acid oxidase 
of rat kidiicj has been obtained in homogeneous 
state and shown to be a flavoprotein containing 
/lavinmonophosplmtc as prosthetic group * It 
has been observed that preparations of this en- 
zjmc arc also capable of catalysing the oxidation 
of /-hydroxj acids to tho corresponding keto acids 
and that the ratio of tho two catalytic activities 
IB constant from the first crude extracts to the 
final elcctropliorcticallj homogeneous flavoprotein 
In presence of /-hjdroxj acids the flavin groups 
of the cnzjme are bleached rapidly just as by 
ammo acids Thirteen l-h>droxy acids have been 
tested and found to be oxidized in the following 
descending order of activity the hydroxy acids 
corresponding to valine, a nminobutync acid, 
leucine, norlcucino, phony Iglycme, alanine, 
phenylalanine, methionine, histidine, senne, 
aspartic, glycine, and arginine The hydroxy 
acids arc oxidized much more rapidly than their 
ammo acid counterparts In presence of an 
f-hy droxy acid and an i-amino acid no summation 
of rates is observed The cnzynnatic oxidation of 
hydroxy acids by molecular oxygen results in the 
formation of a-keto acids and hy drogen peroxide 

The f-hy droxy acid oxidase described above has 
been found only in association with i-amino acid 
oxidase activity and is not identical with the lactic 
or malic dehy drogenases which catalyse the oxida- 
tion of their substrates by diphosphopyndine 
nucleotide 

Acetylation of foreign amines by acetyl amino 
acids Konbad Bloch and D Rittenbebg 
Dept of Biochemistry, College of Physicians and 
Surgeons, Columbia Umv With the aid of deute 
num, acetic acid has been shown to be an equally 
effective acetylating agent for a-amino acids ( - 
apd d- 7 -phenyl-a-amino butyric acid) and for t e 
aromatic amines p-amino benzoic acid and 
nilamide [J Biol Chem, 159. 45 (1945)] The 
acetyl derivatives of some natural amino acids are 
known to be a deacetylated in vivo In experimen s 
to test the availability of such acetyl groups for c 
acetylation of foreign amines, the deutenoace y 
derivatives of glycine, 1- and d-leucine, 1 glutaimc 
acid and 1-alamne have been prepared The ace y 
derivative of phenyl-amino-butyric acid, bu no 
of p-atoino benzoic acid, excreted follovnng a 
mimstration of deuterio acetyl glycine or deu eno 
acetyl leucine, contains several times as 
deuterium as that found after feeding of equivalent 

iBIonohard, M. Green, D E, Nomto-CanoU, V, and 
Ratner, S , J Biol Chem 161 683 (1945) 
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amounts of deuteno acetic acid Although with 
deuteno acetate the isotopie concentration of 
excreted acetjl is directly proportional to the 
quantity of admimstcred deutenoacetate, it is 
independent of the amount of adrmmstercd acetjl 
glycine These findings are interpreted to show 
that in the acetylation of phenjlaminobutync 
acid by acetyl denvatives of natural atmno acids 
formation of free acetic acid may not be an inter- 
mediate step The possibility that a transfer of 
acetyl radicals is involved will be discussed 

Separation of amino acids with the aid of ion 
exchangers Richabd J Block Dept of Physi- 
ology and Biochemistry, New York Medical College, 
Flower and Fifth Avenue Hospitals, New York 
The use of cation exchange resins for the group 
separation of the basic amino acids has been 
modified to permit the separation of histidine, 
argimne, and Ijsine from each other 

1 The protein is hj drolyzed with HCl and the 
excess acid is distilled 

2 The hydroljsatc is passed o\er a column of 
cation exchange resin (Duolitc C 1 or C-3 , Amber- 
hto IR-1, IR-100, XE-17, lonac, etc , but not 
Zco Karb) adjusted cither to the hydrogen or to 
the ammonia cj cle until the pH of the effluent is 
almost equal to that of the influent This effluent, 
which IS practically devoid of basic amino acids, is 
passed over a column of amon exchange resin, for 
the adsorption of the dicarboxjlic amino acids 

3 The resin is washed with water 

4 Histidine and neutral amino acids are eluted 
with a weak base c g pjndinc The pjTidinc is 
remoxod bj distillation Histidine is readilj 
isolated from the residue 

6 Argimne and Ijsine arc remoxed from the 
column bj ammonia The ammonia is removed bj 
distillation The residue is taken up in dilute 
acid and the argimne is removed ns the flaxianate 

6 The filtrate and washings from 5 are passed 
oxer a cation cxcliange resin in the h> drogon phase 
riaxianic acid appears in the effluent from which 
itisrecoxcrod 

7 Ljsinc 18 remoxed from the resin cither bj 
exchange xnth the ammonia, or bj elution xnth 
constant boiling HCl The elutriate is decol- 
orized and the Ixsino hj drochloridc is isolated 

Mechanism of in xltro and in vito inhibition 
of cholincsicrnse aclirlty bj dllsopropfl flnoro- 
phosphate Oscan Bodanbkx and Adraiiam 
Mazur Biochemistry Section, Medical Dittsion, 
Chemical Warfare Senicc, Edgewood irsenal, 
Md Tlie inhibition of scrum, red cell, muscle and 
brain cholinesterase nctivitx of the rabbit, monlex 
and man bx diisopropxl fluorophospliate (DTP) 
xvBS St udied The negatix c log molar concentrations 
at nhieh 50 per cent inhibition of the x-arioua 
eholinestera'ca occurred xiere ns folloxva 51! to 
5 5 (red cell), 5 5 to CO (brain), 5 4 Oiumnn 


muscle), 4 1 (rabbit serum), 7 8 (monkej serum), 
7 7 (human serum), S 1 to 8 3 (horse serum) Rab- 
bits and monkeys injected intrax enousl j xeith 
DFP or exposed to DFP xnpor showed decreases in 
chohnesterase activitj of serum, brain and red 
cells which, in general, paralleled the in ntro 
sensitivities of these chohnesterases to inhibition 
by DFP Men exposed to DFP xapor showed de- 
creases in serum and red cell cholinesterases which 
also fiaralleled the in vitro sensitixnties 

The inhibition of cholinesterase activitj xvas 
irreversible as judged bj failure of restoration of 
enzjTne actixntj on dialj sis or dilution of the DFP 
inhibited enzjTne, and bj thesloxx rate of regenera- 
tion of chohnesterase activitj in ammals exposed 
to or injected xnth DFP For example, in the 
rabbit, about 5, 10 and 60 daj s were necessarj for 
the restoration to normal of serum, red cell and 
brain cholinesterase activities, respectively 

The above results are discussed xnth regard to 
the questions of cholinesterase specificitj and the 
appearance of cholinergic sjmptoms 

Methionine sulfoxide a growth inhibiting 
analogue of glutamic acid Erxeet Borek (bj 
inxutation), Phtllis Sheisess (bj inxitation) 
and Heixrich Waelsch Dept of Biochemistry, 
New Yorl Slate Psychiatric Inst and Hospital, 
New Yorl In an inxcstigation of glutamic acid 
metabolism the effect of glutamic acid homologucs, 
phcnjl substituted derix-atixcs and sulfur 
analogues were studied on the groxxth of Lacto- 
bacillus arabinosus — an orgamsm for xxhich glu- 
tamic acid IS essential Ethjl amino malonatc, 
a amino adipic acid, or P phenjl glutamic acid 
(and its oxime) do not influence the groxxth of the 
orgamsm 

Methionine sulfoxide inhibits growth com- 
pletelj Tho inhibition is counteracted bj 1- 
(-f )glutamic acid, but not bj aspartic acid or 
methiomnc Data arc presented on the effect of 
other homocjsteinc and cjstcine dcrix-atixcs on 
glutamic acid and aspartic acid metabolism 

RcinTcstigation of the possible secretion of 
creatinine by the kidney tubules of the nectums 
PnTLLisA Bott Dept of Physiological Chemistry, 
n Oman's Medical College of Pennsvliania, Phila- 
delphia In a senes of expenments on ^.cct^n 
anesthetized with urethane and injected xxith 
creatinine and inulin, the concentrations of these 
txxo substances were determined in scrum and in 
glomerular fluid, tubular fluid or ureteral unne 
For the determination of inulm in these cxjien- 
rnents a new capillarx method lia'cd on Ilarnson’s 
modification of the Alxnng, Rubin and Miller 
method xxas used 

A new method for determining the site of collec 
lion of tubular fluid xvas dcxi*^ed Tins con 5 i*=tcd 
of the injection of nixiprcnc into the tubule at the 
point of puncture vath the fo'imation of a ra«t bx 
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treatment mth acid After immersion mil 
hj'drochloric acid for an hour the excised kidney 
Mas soft and the cast shoning an extrusion of 
neoprene at the iwint of puncture ^sas quickly 
separated from surrounding tissues 

Tubular fluid/serum or urine/scruni concentra- 
tion ratios for creatinine and inulin agreed nithin 
the error of the entire experimental procedure 
(approximately 10 per cent) If the inulin concen- 
tration ratio is a measure of water reabsorption 
the results of these experiments indicate no secre- 
tion of crcatimne by the kidney tubules of 
Necturus 

Influence of lodlnntion on tryptic nctixlty 
Donald E Bowman Dept of Biochcvnslry and 
Phavmacology, Indiana Univ School of Medicine, 
Indianapolis lodination of try psin greatly reduces 
its blood pressure lowering properties and also 
diminishes its proteoly tic activity lodination may 
be carried out under conditions somcwliat less 
drastic tlian the procedures frequently employed 
with various proteins At body temperature and at 
neutrality maintained by adequate buffer concen- 
trations the reaction proceeds at a favorable rate 
The degree of lodination may be varied under these 
conditions by maintaining a slight excess of iodine 
for varying periods of time 

The decidedly unfavorable influence of moderate 
decreases in either pH or temperature upon the 
rate of lodination of trypsin and other proteins also 
characterizes the lodination of histidine and espe- 
cially tyrosine 

Within limits the inactivation follows the degree 
of lodination Howex'er, present evidence indicates 
that it IS possible to essentially eliminate blood 
pressure lowering properties with only a partial 
decrease in proteolytic activity Under given 
conditions proteolysis can be maintained by in- 
creasing the concentrationof the lodinated enzyme 
while an increase in the amount of lodinated 
trypsin injected intravenously does not cause 
an appreciable fall in blood pressure 

Under similar conditions partial lodination of the 
substrate also retards the proteolytic activity of 
untreated trypsin The digestion of casein or 
further loss of activity of an active protein such as 
insulin, through tryptic action, may be consider- 
ably retarded in this manner, the lodinated insulin 
itself retaimng partial but significant activity 

In view of the various correlations associated 
with trypsin-like enzymes and antitryptic factors, 
further study of the lodinated enzyme and its 
substrates is in progress 

Folic acid in the prevention of abnormal feather 
pigmentation of chicks fed purified diets G M 
Briggs and R J Lillie (Introduced by N R 
Ellis) Umv of Maryland, College ParL Day-old 
New Hampshire chicks were fed a highly purified 
diet which contained the following ingredients 


glucose, casein, gelatin, cystine, soybean oil, 
salts, thiamin, riboflavin, panlothomc acid, cho 
lino, nicotinic acid, pyndovine, biotin, inositol, 
para-aminobcnzoic acid, and the usual fat soluble 
vitamins At the end of the 4 weeks’ fcedingpenod, 
various deficiency symptoms were noted as re 
ported prciiously, such as poor growth, retarded 
and rougli feathering, anemia, perosis, and high 
mortality (Briggs, Luckey, Elvchjom, and Hart, 
J Biol Clicm , 148 103, 1943) When 4 weeks old, 
the surviving chicks were given a normal broiler 
ration which allowed body and feather growth to 
resume After 3 to G weeks on the broiler ration, a 
large percentage of the chicks developed wing and 
body feathers which contained large white areas 
and, often, abnormal black areas (as a result of the 
first 4 weeks’ depletion period) Usually, only the 
tips of now feathers were abnormally pigmented, 
although well-formed feathers wnth none of the 
usual red pigment were quite common 
Large numbers of chicle treated in an identical 
manner, but fed Wilson’s Liver Fraction L (3 per 
cent) or synthetic folic acid (Lcderle) for the first 
1 weeks, developed normally mall respects includ- 
ing feather color throughout the entire growing 
period It was necessary to add at least 100 micro 
grams of folic acid per 100 grams of punfied diet to 
prevent the abnormal feather pigmentation 
Higher levels of folic acid (200 micrograms per 100 
grams of diet) were necessary to give growth equal 
to that obtained with Liver Fraction L 


Analysis of basic organic compounds in bio- 
logical tissues 1 Isolation prior to estimation 
Bernard B Brodie, Sidnei Udenfriend (by 
invitation) and John E Baer (by invitation) 
Ooldwatcr Memorial Hospital and New York 
Untv , New York A scheme for the analysis of 
basic organic compounds utilizing a number of 
simple general reactions has been useful in the 
development of analytical procedures for the 
estimation of antimalarials in biological fluids 
This provides for isolation of compounds from their 
metabolic products and from normally occurring 
substances by extraction procedures and the later 
application of a general but sensitive reaction o 


istimate concentration 
Isolation and concentration are by extrac lo 
if free base into an orgamc solvent, and thence m o 
m aqueous phase The orgamc solvent ^ 
ihould exploit the finding that metabolic 
>f orgamc bases are commonly more water . 
■ban the parent substance Consequently ^ 

'ent of choice is one in which the compoun 
east soluble provided quantitative extraction i 
chieved A large fraction of the metabolic produc 
oay thus be left behind in the imtial extractio , 
he remainder removed by suitable washes 
ensive absorption of orgamc bases onto 
urfaces may be mimmized with non-polar so v 
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by the addition of alcohol subsequent to the initial 
c'ltraction 

A general technique to appraise specificity util- 
izes a comparison of solubility characteristics of a 
pure compound with those of apparent drug ex- 
tracted from tissue This examination jnelds in- 
formation on solubility characteristics of in- 
terfering substances which may be used to modifj 
the initial extraction procedure 
The final measurement is determined bj the 
properties of the compound and involves fiuor- 
ometry or microphotometrj , directly, or after 
chemical alteration 

Analysis of basic organic compounds in biologi- 
cal tissues 2 Estimation of fluorescent com- 
pounds BeIINABdB BBODIH,SID^ETUDE^T^rE^D 
(by invitation) and Weslet Dile (by invitation) 
GoldwaUr Memorial Hospital, and Hew Yorl 
Untv , New YorJ Sensitivity and simplicity of 
fluorometnc assay make it the method of choice 
when possible Fluorescence intensity depends 
upon environmental factors such as intensity of 
irradiation, solvent, temperature, pH, and the 
presence of quenching substances These factors 
are controllable in an aqueous medium adjusted to 
the pH of maximal fluorescence intensity The 
fluorescence properties of atabnne and other or- 
ganic bases have been utilized in the design of ex- 
tremely sensitive specific methods for their cstima 
tion in biological materials at concentrations as 
low as 6 micrograms per liter 
Atabnne is isolated from alkalinizcd plasma by 
extraction into ethy lone dichlonde Drug metabolic 
products not separated in the imtial extraction are 
selectively removed by washing the solvent with 
alkali The drug is then returned to 0 1 N HCl and 
buffered to pH 9 6, where atabnne lias its maximal 
fluorescence Drug concentration is measured fluo- 
romelrically using appropnatc standards This pro 
cedure for human plasma is specific to the extent 
tliat it IS subject to negligible interference from 
normally occurring substances or metabolic prod- 
ucts of atabnne Procedures for other fluorescent 
hoses may differ in details because of differences 
in the solubility cliaractcnstics of the compound 
and/or its metabolic products and the pH required 
for maximal fluorescence 

Larger concentrations of many fluorescent or- 
ganic bases analyzed directly in the organic 
phase after the addition of trichloracetic acid 
Sjiccd and simplicity recommend this procedure 
when the concentration in the biological sample 
docs not require exccssne scnsitivitv on the part 
of till method 

Annlvsis of basic organic compounds in bio- 
logical tissues 3 Conversion to fluorescent com- 
pounds ItiusviinB Biionii , Sinsi T Lnrxrnii sp 
(t)\ invitation), I sti r Diu (In inv itatioii), and 
Till opoiii CiirxKix (hv invitation) GoldwaUr 


Memorial Hospital and New Yorl Vniv , New 
Yorl Many non-fluorescent compounds peld fluo- 
rophores on treatment, the fluorescence of which 
may be used in the design of analytical procedures 
Certain 4 aminoqumolmes do so when subjected to 
ultravuolct irradiation under suitable conditions 
The resulting fluorophores are oxidized, with loss of 
fluorescence, on further irradiation This mav be 
prevented and the fluorophore stabilized by the 
addition of cysteine A variety of 4 aimnoquino- 
lines appears to yneld the same fluorophore since 
there obtains the same relationship between 
molecular concentration and fluorescence intensity 
These properties have been utilized in the design 
of specific methods for the estimation of SN-7618 
(7 -chloro-4 (1 -methy 1 -4-diethy laminobuty lamino) 
quinoline) and related comjxmnds at concentra- 
tions as low as 10 micrograms per liter 
SN-7618 18 isolated from alkalinized plasma by 
extraction into heptane Ethyl alcohol is added to 
prevent adsorption onto glass surfaces Drug meta- 
bolic products not separated are selectively re- 
moved from the solv ent by alkaline wash The drug 
IS then returned to acid and buffered to pH 9 5, 
cysteine is added and the sample irradiated with a 
mercury vapor lamp The concentration of fluoro- 
phore formed is measured fluoromctncally using 
appropnate standards The procedure for human 
plasma is specific to the extent that it is subject to 
negligible interference from normally occurring 
substances or drug metabolic products The detail 
of procedures for other 4 aminoquinolincs depends 
on the solubility characteristics of the compound 
and/or its metabolic products 
Other ty pcs of comjxmnds hav e been analv zed by 
converting to fluorophores, eg, SN-7744 (2-di- 
ethylaminomcthyM butvl-5 phcnvI-1 phenol) bv 
ultravrolet irradiation, and Sis -8617 (2 methoxy -C 
chloro 9 (4' hvdroxy-3' dicthylaminomcthyl phen- 
ylamino)acndinc) by alkaline hy drolv sis 
Analysis of basic organic compounds in biologi- 
cal tissues 4 Coupling with diazoninm salts 
BernxrdB BnoDiE, SiDsrv UDESTnirxn (by in 
vitation), and Joirs V TACOvnr (by invitation) 
Goldwatcr Memorial Hospital and A ctr 1 orh Unit , 
A cir 1 orl Many para unsubstitutcd aromatic 
amines react readilv with diazotired sulfanilic acid 
to form azo comjxmnds which absorb light in the 
visible range of the Bjxctnim This reaction mav Ixi 
used in the design of analv tical procedures It is 
subject to negligible interference from organic ex- 
tractable substances normallv occurring in biologi 
cal material Con^equentlv marl ed sen^itiv itv mav 
lx* achieved bv coupling and m-al mg the final photo 
metne measurement in a micro volume Tlic'e 
projxTties have l>ecn utilized in the design o' fjve 
cific methods for the estimation of jxamaquin and 
related S aminoquinnlines in bio'ogica! material at 
concentrations as low as 26 micrograms jv- liter 
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Pamaqum is isolated from alkalini/cd plasma by 
extraction into petroleum ether Isoamyl alcohol is 
added to prevent adsorption onto ^lass surfaces 
No interfering metabolic dcrnativcsof the drug are 
extracted The drug is then concentrated bj re- 
turning to a small xolumc of diarotircd sulfanilic 
acid with V Inch it couples Tlic resulting dye solu- 
tion is assayed in a spectrophotometer or jihoto- 
electric colorimeter adapted to micro volumes The 
overall procedure for other 8 annnoquinolincs may 
vary in detail depending on the solubilitj charac- 
teristics of the compound and/or its metabolic 
products The procedure for human plasma is spe- 
cific to the extent that it is subject to negligible 
interference from normally occurring substances or 
drug metabolic products 

Aromatic amines possessing a free phenol group 
couple in neutral or slightl} alkaline solution with 
p-nitroannline-o sulfonic acid This reaction has 
been used in analjtical procedures for SN 6520 
(l-naphthol-2-dimothvlaminomoth>l and SN-5918 
(4 , 4'-dihydroxy-3 , 3'-di(dieth>laminomothjldi- 
phenyl ether) 

Anal j 818 of basic organic compounds in biologi- 
cal tissues 6 Salt formation with meth>l orange 
BERNAnn B Brodie, Sidnev UnFNFRirND (by in- 
vitation) and Weslet Dilu (by invitation), Gold- 
water Memorial Hospital and New York Untv , 
New York Methyl orange salts of most organic 
bases are highly soluble in organic solvents The 
base may, therefore, bo assayed indirectly through 
the extraction of its methyl orange salt into an or- 
ganic phase and the measurement of the concentra- 
tion of methyl orange achieved This is a general 
reaction and has been used in the design of analyti- 
cal procedures for a number of organic bases not 
otherwise analysable The procedure as first re- 
ported used ethylene dichloridc as the solvent 
The sensitivity of the reaction in this solvent is 
limited by the slight solubility of free methyl 
orange in ethylene dichloride and the reaction of 
this dye with normally occurring organic bases ex- 
tractable from the biological material The use of 
the less polar solvent, benzene, minimizes these 
difficulties since neither methyl orange nor the nor- 
mally occurring biological substances which inter- 
fere are soluble in this solvent to an appreciable 
extent Consequently an increase in sensitivity 
(about tenfold) may be achieved by returmng the 
methyl orange from the benzene to a small volume 
of acid, and assaying its concentration by micropho- 
tometry This permits the estimation of cinchomne 
and other benzene soluble organic bases in plasma 
at concentrations in the order of 50 micrograms 
per liter 

Cinchonine is isolated from alkalinized plasma by 
extraction into benzene Its metabolic products are 
left behind Isoamyl alcohol is added to prevent ad- 
sorption onto glass surfaces The benzene phase is 


shaken uitli methyl orange solution The methyl 
orange uliirli dissolves in the solvent through salt 
formation with the organic base is returned to a 
small volume of acid and measured photometn- 
cally Standards must be run concurrently in the 
procedure 

Inlcrmcdlntcs of ncctoacctatc oxidation John 
M Bucuaxan (bj invitation) Warwick Sakami 
(by invitation), Samoee Gurin and D Wright 
Wiisos, Dcpl oj Physiological Chcmislry, Univ o/ 
Pennsylvania, Philadelphia Extracts of rabbit 
kidney were prepared bj adding 10 cc of 2M 
sodium phosphate buffer (pll,7 6) containing mag- 
nesium ions to 10 gms of rabbit kidney, homogen- 
izing in a Poltcr-Elvchjcm apparatus and centri- 
fuging tiic resulting suspension for 15 minutes at 
3000 R P M The supernatant was cell-free but 
contained cellular debns Acetoacctatc is oxidized 
rcadilj b} this prcpamtion provided a-ketoglu- 
tarate is added Citnc acid when added alone 
IS likewise readily metabolized Thus, this extract 
differs from the preparation of Hunter and Leloir, 
which forms citnc acid from acetoacctatc and 
oxalacctate but which docs not oxidize citnc 
acid Acetate (and acctjl phosphate in the 
presence of sodium fluondc) arc not metabolized 
to an appreciable extent 

Possible two-carbon intermediates of acetoace- 
tatc oxidation m this extract are being studied with 
C“ Isotopic acetoacctatc together with non-iso* 
topic acetate and a-ketoglutarate was added to the 
extract, which was incubated aerobicallj at 38“ for 
40 minutes At the conclusion of the expenment, 
acetic and a-ketoglutanc acids were isolated The 
ketoglutarato was oxidized to succinate It was 
found that the C“ concentration of the succinate 
was about three times that of the acetate 

If acetate were an intermediate in the conversion 
of acctoacetate to a-ketoglutarate, the C“ concen- 
tration of the acetate should have been greater than 
that of the a-ketoglutarate Therefore these expen- 
ments indicate that acetate is not a direct inter- 
mediate of acetoacetate oxidation in this extract 
although some is formed from acetoacetate Similar 
experiments are underway with acetyl phosphate 

Cobalt inhibition of tissue respiration, glfcofy* 
bis, and growth Dean Burk and (by invitation) 
Arthur L Schade, Marie L Hesselbach, an 
Clara E Fischer National Inst of > 

Bethesda, Maryland and Overly Biochemtca v 
search Foundation, New York Cobalt is an e ec 
tive inhibitor of growth of certain aerobic and bobc 
robic microorganisms, and the inhibition ® 
overcome by histidine Respiration is also inhi i c 
by Co, but secondarily 

Cobalt inhibited the respiration of mouse tissue 
slices suspended in glucose Ringer-phosphate me 
dium as an increasing function of 1) concentra lo 
of Co (over the approximate range 6 to 50 p P » 
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added as e g CoCli) , 2) tune (progressive for sev- 
eral hours ) , and 3) organ, in the approvimate order 
brain, liver, placenta, skeletal muscle, spleen, kid- 
nej , heart, lung, tumor (spontaneous breast car- 
cinoma) and embryo With the tumor tissue, 10 
ppm Co gave somewhat over 50 per cent inhibi- 
tion by three hours Complete inhibition was never 
obtained with any Co concentration, exposure time, 
or tissue tested The tissue slice respiration of tu- 
mors taken from mice previously injected with Co 
was markedly below normal 
Anaerobic and aerobic glj colj sis of the carcinoma 
slices suspended in glucose Ringer bicarbonate me- 
dium was affected little if at all at Co concentra- 
tions one to two orders higher than those inhibiting 
respiration Co raised the R Q 0 1 to 0 2, to just 
above 0 90 

The logarithmic velocitj constant of growth of 
breast tumors in C3H mice receiving injections of 
approximately 0 1 mg ol Co daily was 25 per cent 
less than in untreated controls (P = 0 01), intra- 
tumoral injections being somewhat more effectne 
than more remote modes of injection tested Toler- 
ance doses of Co for mice could be raised many fold 
bj concurrent injections of histidine, at dosages 
little greater than molecularlj equivalent 
Effect of solvent upon utilization of beta- 
carotene for vitamin A storage EuzanErn C Cai.- 
liisoN (by invitation) and Elsa OnEsr-KEiLEs 
Bureau of Human NutnUon and Home Economics, 
U S D A , BellstnUc, Md Si\ groups of rats con- 
sisting of four males and four females each, averag- 
ing 21 to 29 days of age and 46 to 56 gms in weight, 
and possessing small imtial stores of vitamin A, 
were placed on a vitamin A-free diet, consisting of 
18 per cent extracted casein, 15 per cent dried 
j cast, 4 per cent Osborne and Mendel Salt Mixture, 
10 per cent hydrogenated cottonseed oil , 53 per cent 
cornstarch, and viosterol 
Crj staliinc beta carotene in three different 
media was fed thrice wccklj at two levels, 72 and 
144 meg rcspcctiv el j , per kilogram bodj weight 
per daj Solutions of carotene in ctlijl lauratc, 
peanut oil, and cottonseed oil, rcspcctiv cl) , with 
added h)droquinonc were prepared at wcckl) in- 
tervals and stored at O'C between feedings No 
deterioration was detected at anv time dunng the 
stud) ns determined bv pcnodic examination b) 
means of the Coleman, 10 S, spectrophotometer 
There were no significant differences in growth 
rate at each carotene lev el among the three groups 
of animals At 90 dnv s of age the animals were killed 
and the livers analvred for vitamin A bv means of 
thenntiraonv trichloride reagent, using the I vcljn 
photoolcctnc colorimeter Although the basal diet 
diet itcelf contained 10 j)or cent fat (hv drogenated 
cottonseed oil), marked differences in liver stores 
of vitamin \ were found, dei>ending ujxin the lipid 
in which the carotene was fid I'thvl lauratc pro 


moted practically no storage of the vitamin, peanut 
oil was somewhat more efficient, while cottonseed 
oil was definitelj supenor to the other two 
Thymus nucleate and the heat coagulation of 
aqueous tissue extracts Charles E Carter (bj 
invitation) and Jesse P GREE^STEI^ National 
Insl of Health, Bethesda, Md Fresh aqueous ex- 
tracts of rat liver and spleen are not coagulable 
uponheatmgat9S°C for sev eral hours Incubation 
of such extracts for 4-5 hours destro) s the natural 
protection against heat coagulation without an ap- 
preciable change in pH The addition of thymus 
nucleate restores the protection although en- 
zymatic Bctivntj IS lost from such mixtures Mix- 
tures of aqueous extract of liver and added 
thj mus nucleate when incubated likewise become 
progressively susceptible to heat coagulation 
Aqueous extracts of rat muscle coagulate almost 
immediately upon heating but can be protected 
against coagulation by addition oi tbymus nucleate 
One c cm of aqueous hv er extract equivalent to 166 
mg of tissue which had been prevnously incu- 
bated couldbe protected against heat coagulation at 
9S°C for over 3 hours by 0 6 mg of thymus nu- 
cleate in a total volume of 2 c cm Below this con- 
centration thymus nucleate conferred little or no 
protection Addition of small amounts of metallic 
ions destroyed the thymus nucleate protection 
against heat coagulation Mixtures of liver extract 
and thymus nucleate which were not coagulated on 
heating at 98‘’C for 1 hour and which were subse 
quently cooled, coagulated after 15-30 minutes in- 
cubation with desoxy nbonuclcasc activated with 
Mg'*^ Desoxy nbonuclcasc or magnesium ion alone 
under these conditions did not produce coagulation 
Thymus nucleate dcpolymcnzcd by irradiation 
gave results identical w itli those obtained in expen- 
ments using highly vnscous solutions of nucleate, 
yeast nucleate conferred no protection against heat 
coagulation upon aqueous tissue extracts 
Thvmus nucleate and the heat coagulation of 
egg albumin Charles E Carter (bv invitation) 
and Jrssr P Greensteix National Insl of 
Health, Btihcsda, Md Aqueous, salt free solutions 
of crvBtalline egg albumin at pH 6 9 immersed in 
boiling water yield almost immediatelv a dense 
turbiditv Clear mixtures of egg albumin and 
dialvrcd sodium thvmus nucleate (Hammarsten) 
at pH 0 9 and at a ratio of clooc to 1 mg of nu 
cleatc to GOO mg albumin, when similarlv heated 
at OS'C , remain clear for at least six hours at this 
temperature The minimum protective projiortioii 
of nucleate IS sharplv defined, for albumin solutions 
containing a slightly lower proportion of nucleate 
tluanlhenlx)venrealniO“t immediatelv hfat coagu 
lal le Anv higher proportion of nucleate confers an 
almost indefinite protection acun't heat coagula 
tion of the protein The minimum protective ratio 
of 1 mg nucleate to GOO mg albumin is indt 
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pendent of the presence of NnCl up to 0 2 per cent 
At higher concentrations of NaCl, licat coagulation 
of the albumin occurs no mailer ho\\ much nucleate 
18 present Identical results are obtained nith 
thj'mus nucleate depolymenrcd bj irradiation ^\ilh 
ultraviolet light The number of — SII groups lib- 
erated by heat is the same in the presence as in the 
absence of nucleate, and is only a small proportion 
of the amount liberated by guanidine IICl Yeast 
nucleate and agar arc ineffective in protecting egg 
albumin against heat coagulation When NaCl is 
added to a mixture of albumin and nucleate mIucIi 
had been heated and cooled no coagulation results 
Such coagulation occurs only when salt is added 
prior to heating 

An unidentified factor essential for rat growth 
C A Cari and (by invitation) A M Gartman, 
L P DRTDEN,andG D Liklli Bureau oJ Dairy 
Industry, Agricultural Research Administration, 
Washington, D C Rats at weaning ordinarily con- 
tain a still unidentified factor (X) which nffects 
their growth and development on a diet (A) ade- 
quate in all known nutrients Young may be de- 
pleted of X by feeding their mothers a diet deficient 
in X Casein prepared by centrifugation from milk 
was a good source of X , commercial , Sherman vita- 
min A-free, SMA and Labco caseins contained 
different amounts of X, but, when 20% or 40% of 
casein (C), prepared by 10 six-hour extractions 
with hot alcohol, was fed in diet A (containing 5% 
of yeast protein) to X-deficient rats, growths were 
54% and 25% of normal respectively, coagulated 
egg albumin gave growths similar to casein C , and 
with 60% of casein C the rats generally died within 
2 weeks On diet A with 25% of lactose and 20% of 
casein C growth was 36% of normal When a few 
milligrams daily of certain commercial liver ex- 
tracts were fed separately from diet A to sex-Iitter 
mates of the above rats, grow'th was normal or 
approximately normal except with 60% casein (85% 
normal) A few micrograms of a crude concentrate 
of X fed separately, gave normal growth when 
tested with the 20% easein diet Increments in 
"growth” involved the fat-free dry weight, and 
were due principally to increased feed consump- 
tions X from liver extracts is water-soluble, 
dialyzable and precipitable with ammonium 
sulphate 

Relation between urinary excretion of thiamine 
and pyramm (the pyrimidine-like component of 
thiamine) W O Caster (by invitation), Olaf 
Mickelsen and Ancel Kets Laby of Physiologi- 
cal Hygiene, Univ of Minnesota, Minneapolis 
Young men were maintained for periods of two to 
seven months on known thiamine intakes ranging 
from 0 5 to 10 mg per day Thiamine and pyramm 
excretions stabilized only after a period of about six 
weeks following changes in thiamine intake 
The thiamine excretions are characteristic of the 


individuals ns well as of the intake In two groups 
of SIX subjects maintained on 1 0 and 2 0 rag of 
tbiamino per day, the correlation between the 
levels of thiamine excretion of the individual sub- 
jects for two three-day penods, seven months 
apart, was 0 01 for the entire group When the 
tliiamine intakes for two groups were reversed, the 
correlations between the thiamine excretion of each 
subject during the two periods was 0 89 and 0 94 for 
each of the two groups In general, the thiamine 
excretion shows a substantially linear relation to 
the intake, whereas the pyramm excretion simi- 
larly rises with increasing thiamine intake but 
tends to plateau at about 0 40 mg excretion per 
day The py'ramin excretion for thiamine intakes 
of 0 6 and 2 0 mg per day averaged 0 138 and 0 231 
mg per day, respectively, with intra-indmdual 
variations of 0 025 to 0 029 mg , and inter-indmdual 
X analions of 0 018 to 0 024 mg in different groups 
The ixarallel thiamine excretions were 0 005 to 0 224 
mg per day wuth intra-individual variations, re- 
spectively , of 0 006 and 0 OSl and inter-individual 
variations of 0 006 and 0 106 mg For each level of 
thiamine intake, the excretion of thiamine is much 
more xarinblc on a percentage basis than is pyramm 
excretion 

Effect on adrenal constituents of injury to the 
rat Alfred Chandtin and Stepha> Ludewig 
Biochemical Laby , Untv of Virginia The water, 
nitrogen, total lipid, cholesterol (free and total) 
and phospholipid contents (mg /lOO gm body 
weight) of the adrenals of rats were determined 
after injecting mustard (dichloroethyl sulfide) and 
3 nitrogen mustards (ethyl-bis (chloroethyl) 
amine, methyl-bis (chloroethyl) amine, tns (cUo- 
roethyl) amine) The water, protein and phospho- 
lipid contents of the adren^s increased while t e 
total lipids and cholesterol contents decreased after 
injection Adrenal hypertrophy was noted in 
cases The increase m water content was chie y 
responsible in accounting for the increased adre 
weights 

The percentage concentration of adrenal mtrogen 
and phospholipid remained constant There were 
slight increases in the per cent of water and 
ciable decreases in the concentration of the 
lipids and cholesterol The data were converts 
mg /lOO gm body weight so that adrenal weig 
body weight could be considered , 

A striking increase in the per cent of t , 
cholesterol was noted in many cases, partio 
when the total cholesterol was inarke y 

mimahed t no nf 

In order to assess the effect of another yP 
injury on the cholesterol content of the a 
anesthetized rats were scalded by 

clipped backs m water at 75 “C for60secon b 

total cholesterol decreased markedly an ^ 
cent of free cholesterol increased Nem u 
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thesia alone caused a decrease in cholesterol con- 
tent It may be concluded that noMous stimuli 
have a marked effect on the cholesterol metabolism 
of the adrenals 

A nucleoprotem from avian tubercle bacilli 
EnwiN Chargatt Depi of Btochemislry, Columbia 
Univ , New Yorl Borate buffer (pH 8 2 to 8 5) 
extracts of avian tubercle bacilli (groan on Sauton 
medium) yield, on centrifugation at high speed 
(31,000 grams), a fraction of bacterial glj cogen of 
very high particle weight (E Chargaff and D H 
Moore, J Biol Chem , 155 493, 1944) The super- 
natant contains, in addition to small amounts of 
glycogen, a nucleoprotem giving strong color reac- 
tions for dcEoxj pentose nucleic acid and exhibiting 
an absorption maximum in the ultra vnolet at 
2590 A 

Although the nucleoprotem solutions thus ob- 
tained are, m most cases, homogeneous elcctro- 
phorclically, the isolated protein preparations 
(containing 9 to 10 per cent N, 0 7 to 0 9 per cent P) 
can be fractionated further a hen use is made of the 
fact tliat the nucleoprotem is insoluble at pH 4 3, 
but soluble at lialf-saturation a ith ammonium sul- 
fate In this manner, preparations containing as 
much as 3 2 per cent P (N 12 1 per cent) may be 
obtained 

The protein moict> of the nucleoprotem docs not 
appear to bo a histone or protamine The nucleic 
acid, a hose isolation has been effected bj a 1311613 
of means is, in the mam, of the doso \3 pentose t 3 pe , 
small amounts of pentose nucleic acid are also pres- 
ent In this connection, a method for the purifica- 
tion of highl 3 pol 3 mcrizcd dcso\ 3 nbosc nucleic 
acid lias been developed a Inch is based on the con- 
V crsion of lantlianum nucleate to the potassium salt 
b 3 treatment aitli 1 M potassium chloride (con 
laming 6 per cent of potassium oxalate) 
Comparison of the Absorption of Ester and alco- 
hol vitamin A by human subjects S W Clausen, 
A B McCoord (by mutation) and B L Goff (bv 
mutation) Dept of Pedtatnes, Umi of Rochester 
School of Medicine Patients suffering from celiac 
disease, cvslic fibrosis of the pancreas, intestinal 
tuberculosis, catarrhal jaundice and giardiasis nb 
sorb ester vitamin A poorlv after oral administra 
tion Two factors found to be ncccssarv for the nb 
sorption of v itamin A arc the prc'cncc of bile salts 
in tlic intestinal tract and normal intestinal nio 
tilitv Tlie present communication shows tliat a 
third factor, present in ixancrealie secretion, is 
iiccc'^sarv for tlic nbvirption of vitamin V ester 
Most children with cvstic fibrosis of the pan- 
creas, who are deficient in pancreatic enrvmcs, ab 
sorb ester vitamin V iiomiallv when it is given 
orallv witli I’anereatin, a preparation which con 
tains the pancixatic eiirviiies Children with cell ic 
disease, the cause of whose mabilitv to absorb vita 


mi n A is not known, do not absorb ester -ntamm A 
in the presence of Pancreatm 

When alcohol vutamm A was given orally , 2 chil- 
dren with cystic fihrosis of the pancreas showed 
excellent absorption, but a child suffenng from 
celiac disease showed poor absorption Two chil- 
dren suffering from chrome malnutrition absorbed 
alcohol much better than ester v itamin A 

While more observations are needed, our studies 
suggest that assimilation of vitamin A ester in- 
volves saponification in the duodenum, absorption 
of vitamin A alcohol in the upper small intestine, 
and rcconv ersion of the alcohol to an ester before it 
reaches the circulation The observation that ab- 
sorbed vitamin A in the blood, even in cases of 
cystic fibrosis of the pancreas, appears as the ester 
indicates that the enzyme that causes the esteri- 
fication IS not pancreatic lipase 

B61e of amides in urea synthesis Philip P 
Cohen and Mika Hatano (by invitation) Dept 
of Physiological Chemistry, Univ of B iseonsin, 
Madison The rdic of amides and the corresponding 
ammonium salts in urea sy nthcsis by rat liv cr slices 
was investigated It was found that with starved 
slices the rate of synthesis from glutamine and 
ammonium glutamate was equal, but greater than 
that from ammomum-chlonde ith well fed slices, 
the rate of urea formation from ammonium- 
glutamate was greater than that from ammomum- 
chlonde which in turn was greater than that from 
glutamine The addition of omithino or citrullino 
to starved slices increased the rate of urea forma- 
tion from ammonium glutamate to a value twice 
that from glutamine and three times that from 
ammonium chlondc These findings suggest that in 
starved slices the concentration of ornithine or 
cilrullinc may be a limiting factor With starved 
slices the rate of urea synthesis from asparagine, 
lactamidc and succinamic acid was greater than 
that from ammonium chlonde but less in the case 
of well fed slices The corresponding ammonium 
salts did not show the marked increase in rate of 
urea synthesis observed with ammonium gluta 
mate, the rates of the former remaining between 
those of ammomum-chlonde and the corresponding 
amides m both starved and well fed tissue Of a 
senes of aliphatic and aromatic amides tested the 
above four alone were active in urea svntlic'is It 
would appear from these findings that glutamine 
and related amides do not plav a specific rile in the 
urea cvcle However, the eon'istcnt accelerating 
effect of ammonium glutamate over other ammo 
mum salti, suggests tliat glutamata mav plav some 
specific rfilc 

The constitution of that rickcttsfac and soluble 
rickettsial antigen derived from the epidemic 
typhus vaccine Bv ScivoLn S Coiifn (intro 
duccdbvB M Stanlcv ) Cl ildrcn's Uo-piial ard 
Oc Lnir of Pcnni\lrania Ricl ett'ia prowarcl i 
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and the soluble antigen (S) ^\crc isolated from 
phenol-treated typhus vaccines by low and liigh 
speed centrifugation, respectively The nekettsme 
■were disrupted by sonic vibration and fractionated 
into a low speed sedimentable fraction, a high 
speed sedimentable fraction, and a high speed non- 
sedimentable fraction S nas similar only to the 
rickettsial high speed sedimentable fraction, after 
digestion by proteolytic cnzjmcs A protease of 
the yolk sac endothelium degraded rickcltsiac S 
IS probably a proteolytic degradation product of 
rickettsial substance arising at some stage of the 
host-virus interaction 

Rickettsial antigens did not crossrcact sig- 
nificantly with antisera to the host antigens 

The sedimentable fractions of nckcttsiac arc 
particulate aggregates comprising 90-95 per cent 
of the virus The non-scdimentablc fraction con- 
tains no dialysablc material and contains all the 
nucleic acid of the virus Tins comprised 2-2 6 per 
cent-deso\yribose nucleic acid nhichnas isolated 
and characterized This substance was not soluble 
before vibration There is no evidence that any 
material of a particle weight of less than millions 
CMsted within nckcttsiac 

The lipid, carbohydrate, tyrosine, triptophane, 
and arginine contents of rickettsial fractions were 
determined 

The reducing sugar of the antigens before acid 
hydrolysis was equivalent to the total carbohydrate 
of the fractions, which gave aldehyde reactions 
Aldehyde reagents, such as phenyl hydrazine-p- 
sulfonic acid and sodium sulfite were successfully 
used in the specific precipitation of S on a large 
scale 

Enzymatic formation of guanine by a reversible 
phosphorolytic cleavage of ribonucleic acid 
Sidney P Colowick and Winston H Price (by 
invitation) Dept of Pharmacology, Washington 
XJniv , School of Medicine, St Louis Aqueous ex- 
tracts of rat muscle contain an enzyme which 
catalyzes a reaction betw'een ribonucleic acid and 
inorganic phosphate, the products being free 
guanine and a derivative of ribonucleic acid in 
which the guanine groups have been replaced by 
phosphate groups 

This denvative (“P-nbonucleic acid”), which 
can be isolated by precipitation with a basic pro- 
tein (salmine) at pH 6, contains acid-labile P 
equivalent in amount to the free guanine liberated 
in its formation The acid-labile P is split off almost 
completely in 1 minute in 0 33 N HCl at 30° For 
each mole of inorganic P liberated by acid hydroly- 
sis, reducing power equivalent to that of 1 mole of 
ribose appears 

These findings indicate that P-ribonucleic acid 
contains ribose-1-phosphate linkages, formed by 
the reaction of phosphate with the ribose-l-guamne 
linkages of ribonucleic acid The enzyme catalyzing 


the reaction may therefore bo called “nbonucleic 
acid phosphorylasc” in analogy with the polysac- 
chnrulo, disacchandc, and nucleoside phos 
phorylascs already known 

The new reaction, like other reactions of the 
phosphorylasc type, is measurably reversible, P- 
nbonuclcic acid reacting with guanine to form 
ribonucleic acid and inorganic phosphate The 
equilibrium constant, 

[-nbosc 1-phosphatc linkages] X [guanine]/ 

[-nboso-l 'guanine linkages] X [phosphate], 
is approximately 0 02 at 30°, pH 7 5 

The enzyme is specific for nbonucleic acid 
Other compounds containing the ribosc-l guamne 
linkage (desoxyribonucleic acid, guanosme, guan- 
ylic acid) arc not attacked Arsenate cannot serve 
in place of phosphate for the reaction with nbo 
nucleic acid The enzyme is completely inactivated 
by 0 002 M lodoacetate in 30 minutes at 30° and 
pH 7 5 

A tracer study of iron metabolism with radio- 
active iron absorption, excretion, utilization and 
storage D Harold Copp (by invitation) and 
Da\ id M Greenberq, Univ of California Medi- 
cal School, Berkeley This work was intended to be 
presented a year ago and an abstract was published 
in the Federation Proceedings 4 86, 87 (1945) 
The work 1ms not been published in detail to date 

Method for the determination of mannitol in 
blood and urine A C Corcoran and Irvine H 
Page (with the assistance of R H Harns) Cleve- 
land Clinic Foundation, Cleveland The use of 
mannitol clearance as a measure of glomerular 
filtration rate led to the search for a method of its 
determination which would be simpler than those 
presently available 

The method follows a sample of-diluted unne or 
plasma filtrate (Somogyi 1/15) in a test tube at 
25 °C IS brought to concentrations of 0 0013 M 
KIO^ and 0 1 N H1SO4 The oxidation is allowed to 
proceed for 10 minutes, at which time it is inter- 
rupted by addition of 36 6 mM SnCl- per liter of 
reacting mixture At this stage, the oxidation o 
mannitol is complete, yielding approximately 2 
formaldehyde per 1 M manmtol, while no formal e 
hyde has yet been formed from glucose The formal 
dehyde concentration of the mixture is then ^ 
mined by the method of MacFadyen (J 
Chem , 158 107, 1945) using the Coleman Model 0 

spectrophotometer „ 

The “blank” in fresh dog plasma averages / 0 
mg per 100 cc , expressed as mannitol and may 
attributed in part to ascorbic acid The substances 
responsible for the “blank” disappear from P 
on long standing Treatment of plasma or p asm 
filtrate with washed yeast results in the formation 
of a substance, possibly di-phosphoglycenc aci 

which is oxidized to yield formaldehyde 

The advantages of the method lie (1 ) m t e e 1 
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mg hi 50 Han anc hi YO sccEnm bromacetate 



132 


FEDERATION PROCEEDINGS 


ATP transphosphorylntcs \Mth glucose under for- 
mation of Ilnrden-Young Ester and tnosephos- 
phate This reaction is strongly inhibited by 1- 
phosphoglycenc acid at M/300 and completely by 
phosphopyruvic acid at M/1000 2,3-Diphospho- 
glyceric acid inhibits only slightly at M°150 and 
a- and /? gl 3 ’ccrophosphatcs are without influence 
When Harden-Young Ester and pj ruvate arc added 
to a hemolysate containing M/50 NaF, tnosephos- 
pliatc IS formed and is ondircd while pj nivic acid 
IS reduced This process is coupled with phos- 
phorylation of ADP and adenj he acid The coupled 
phospliorjdation is inhibited bj monophospho- 
glycerate at M/300 and pliosphop} ruvate at 
M/1000 

Wlien citratcd human blood is kept for 21 hours 
at 4° H-Y Ester and tnosephospliate accumulate in 
the erythrocytes These esters remain in cells when 
these are washed with saline When washed 
erythrocytes loaded with H-Y ester arc kept for 
30' at 40° the ester breaks down to lactic acid 
M/100 sodium bromoacctatc immcdiatelj stops 
this breakdown 0\idation of tnosephospliate 
should be accompanied by an esterification of in- 
organic P Comparison of the content of inorganic 
P in samples w ith and without bromoacctatc shows, 
however, that no visible esterification of P occurs 
during the breakdown of the H-Y ester If, how ever, 
pyruvate in excess is added the breakdow n of the 
H-Y ester is coupled with esterification of inorganic 
P though the total turnover is onlj' slightly in- 
creased by puruvate Possible mechanisms of these 
effects on phosphorylation are discussed 

Characteristic and sensitive color reaction of 
SH-compounds Zachahias Dische College of 
Physicians and Surgeons, Columbia Univ Skatolc, 
indole 3-acetic, -propionic and -butyric acids, 
tyrptophane and tryptamine give a brown color 
with dnvatives of furfural formed from sugars by 
H2S0< above 70° When SH-compounds (cysteine, 
glutathione, thioglycolic acid) are present in the 
solution a pink color appears This reaction can be 
used to detect SH-compounds in the presence of an 
excess of the indole derivatives or to detect these 
derivatives in the presence of an excess of SH- 
compounds Under certain conditions, methionine 
reacts in the same way apparently after being split 
to homocysteine For quantitative determinations 
the followi ng proce dure proyed satisfactory Mix 
1 part 0 01% solution of glucose with 6 parts H^SOi 
(analyt reagent) Let stand until cool 4 cc of the 
mixture are added with ice cooling to 1 65 cc of a 
soIution_containing 5-20 y/co cysteine “After 3 
minutes, 0 15 cc of 0 12% solution of tryptophane 
IS added A blank with water is prepared A pink 
color develops The intensity is measured after 5 
hours in a photoelectric colorimeter with fQter 62 
Cystine is determined after reduction by NaCN 
(analyt reagent) Glutathione gives a color 


60% stronger than corresponds to its cysteine con- 
tent It can be determined in 0 1 cc of blood do 
protcinircd with mclaphosphoncacid Ammo acids 
present in proteins, do not interfere in 0 2% solu- 
tion, except methionine, which gives an absorption 
corresponding to 1% of its weight of cysteine, but 
with a different absorption spectrum When the 
mixture of the solution and HjSOi is heated for 
20' at 1C0° before the addition of tryptophane, 
methionine can be determined in solutions con- 
taining 10 y/cc 

Maintenance of active hemoglobin— a function 
of crjthroc>tcs David L Drabkin Dcpl of 
Phynologiral Chemistry, School of Medicine, Univ 
of Pcnniylvanin The phenomenon of reductive 
reversion of fcrnlicmoglobin (mcthemoglobin, 
Mllb, inactive in the oxygenation equilibrium) to 
active ferrohemoglobin, Hb, in drawn blood on 
standing appears to be an expression of an impor- 
tant physiological process, intimately bound up 
with glycolytic reactions in the erythrocyte 

The simultaneous increase in active hemoglobin 
(measured spectrophotometncally by determina- 
tion of the equilibrium ratio of HbO. to HbO -b 
MHb) and disappearance of glucose (decrease m 
reducing values upon Somogyi filtrates) w'ere sys- 
tematically investigated, particularly from the 
standpoint of the agents which inhibit the rever- 
sion of MHb, and the factors which can overcome 
this inhibition Freshly washed erythrocytes, 
mainly of the dog, were used The HbOs was par- 
tially' converted intraccllularly (to the extent of 
50 per cent) to MHb by means of 0 15 M IWOi 
(0 25 mole KNO- per 1 0 mole HbO: being em- 
ployed) Concentrated suspensions of the MHb- 
HbO- erythrocy'tes were made up in an approxi- 
mately' isotonic medium containing glucose and 
phosphate buffer, and the suspensions were incu 
bated aerobically in a water thermostat at 38 C 
Aliquots for analysis were removed periodically 
during 2 to 3 hours of incubation The follomng 
results were obtained Reversion of MHb and 
glycolysis were inhibited by (a) hemolysis, (b) 
addition of fluoride, and (c) addition of lodoacetate 
The inhibition w ith fluoride w'as overcome regular y 
by means of addition of pyruvate, but not by ^ 
tate The lodoacetate inhibition could not e 
removed 

The experiments implicate both the coe^^® 

I down and II systems in the reversion of M 

Effect of morphine on the oxygen saturation o 
arterial blood AnnaJ Eisenman Research Dep > 

U S Public Health Service Hospital, Lcxingtori, 
Ky Twelve experiments were done on ten su 
jects, all former morphine addicts Blood was co 
lected from the femoral artery and defibrina e 
anaerobically and analyzed for oxygen content an 
capacity and in most cases for serum carbon dioy ® 
content by means of the Van Slyke manome n 
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apparatus Large single doses of morphine sulfate 
(75 to 175 mg ) were admimstered Blood was again 
collected at the peak of the subject’s reaction, as 
manifested by mild narcosis, the head falling for- 
ward on the chest, talkativeness or drowsiness 
This state \ias usually attained in about three 
hours after the administration of the drug In all 
twelve cases, the oxygen saturation of the blood 
decreased from ti\o to eighteen per cent The oxy- 
gen capacity did not \ary much from the onginal 
value, the maximum change, an increase of one 
volume per cent, was noted in the case of a patient 
who had vomited In eight of ten cases the serum 
carbon dioxide content increased about three 
volumes per cent This increase was not propor- 
tional to the drop in oxygen saturation The varia- 
tions were unrelated to the amounts of morphine 
a dmi nistered but showed rough relationship to 
the subject’s reaction as objectively observed 
One individual who reacted only mildly to the 
maximum dose of 175 mg sustained minimal blood 
changes The striking observation from these 
studies IS the small magnitude of the changes re- 
sulting from relatively large doses of morphine 
These changes in the blood can be demonstrated 
only at the time of maximum reaction 

Phosphate exchange in bone using radiophos- 
phorus m vitro Mablene Falkekheim (by invi- 
tation) and Harold C Hodge School of Medicine 
and Dentistry, Univ of Rochester, Rochester In 
vitro experiments in which powdered bone ash was 
exposed to solutions of NajHPOi containing P,j 
have shown that bone adsorbs P« The mechamsm 
was unknown 

Radioactivity determinations have been supple- 
mented by chemical analyses of the bone and solu- 
tions Although the Ph concentration rises in the 
bone with increasing time of exposure, no large 
order transfers of phosphate occurred either from 
the solution to the bone or in the opposite direction 
Hescnption was found to be as rapid and as com- 
plete as adsorption The mechanism can be ade- 
quatelj accounted for by an exchange reaction 

The exchange, which initially is quite rapid, 
seems to approach a maximum in 7 days, although at 
that time not all the phosphate has exchanged In 
fact, 19% of the total bone phosphate seems to 
represent the exchangeable portion 

Preparation of dried hemoglobin without loss 
of activity Lee E Farr and Alma Hiller Hos- 
pital of the Rockefeller Inst for Medical Research, 
New York The purpose of the i\ork was to attempt 
to prepare, as a blood substitute, hemoglobin in 
an active, easily portable form Applying to oxj - 
genated hemoglobin solutions the techmque for 
freezing, drying and preserving in vacuo in common 
use for plasma ga\e preparations in which the 
hemoglobin had lost 25 to 30 per cent of its oxygen 
binding capacity , by change to methemoglobin 


However, when hemoglobin solutions were first 
deoxygenated by repeated evacuation of all gases, 
so that over 99 per cent of the oxyhemoglobin was 
changed to reduced hemoglobin, the reduced solu- 
tions could then be frozen and dned in ampoules 
and the dried hemoglobin kept tn vacuo for months 
without methemoglobin formation In redissolving 
the reduced hemoglobin, it was necessary to pre- 
vent even momentary access of atmospheric oxygen 
to the dried material before it ivas dissolved, or 
met-hemoglobin was formed After the reduced 
hemoglobin was in solution, oxygenation did not 
inactivate it, and the solution uas stable in air 
At 4° the solution could be kept several weeks with- 
out significant change [TPorl done under contract 
vnth the Office of Scientific Research and De- 
velopment ] 

Isolation of a new lipoprotein (lipovitellenin) 
from egg yolk H L Fevold and Adele Lausten 
(by invitation) Western Regional Research Laby , 
V S D A , Albany, Calif Centrifugation of egg 
yolk diluted with two volumes of water results in 
the deposition of lipovitel in as a precipitate 
Ether extraction of the remaimng aqueous emulsion 
results in a separation of three phases an aqueous 
phase contaimng the water-soluble proteins, an 
ethereal phase contaimng the fats, and a solid 
phase which separates between the other two 
Examination of this precipitate has shown it to 
be a lipoprotein, which has been tentatively named 
lipovitellemn This lipoprotein is composed of 
36 to 40 per cent phospholipid (mainly lecithin) 
and 60 to 64 per cent phosphoprotein , this phospho- 
protein has been tentatively called vitellenm 

Lijiovitellenin emulsifies to a stable opaque emul- 
sion in 10 per cent NaCl but dissolves to a clear 
yellow solution in 10 per cent NaCl saturated with 
ethyl ether It may be dissolved m alkali and pre- 
cipitated at neutral reaction without change in 
composition It is very unstable, being decomposed 
by alcohol or acetone, and beeomes insoluble when 
kept in dry form at room temperature In 10 per 
cent NaCl saturated with ether it is stable for long 
periods at room temperature 

Vitellemn, the protein component of lijiovitel- 
lemn, is a phosphoprotein contaimng 0 28 to 0 3 
per cent phosphorus and 0 9 per cent sulfur At 
neutral reactions it is insoluble in water but dis- 
solves in alkali to a viscous solution On neutrali- 
zation it IS again precipitated unchanged 

Phospholipid synthesis in damaged and re- 
generating liver Eunice V Flock and Jesse L 
Bollman Division of Experimental Medicine, 
Mayo Foundation, Rochester, Minnesota Eats 
maintained on four special diets, low fat low pro- 
tein, low fat-high protein, high fat-low protein, 
high fat high protein, were exposed to carbon tetra- 
chloride vapor for 8 hours P“ was injected intra- 
venously as NajHPOj twenty -four and forty eight 
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hours after the beginning of tlic exposure Four 
hours later the blood and liver were removed, ex- 
tracted, and determinations of concentration and 
radioactivity of inorganic phosphate and phospho- 
lipid made The acute damage to the liver did not 
affect the phospholipids dircctlj Significant de- 
creases in concentration and rate of turnover of 
phospholipids in the lix'cr were found in rats on the 
two high fat diets associated with an increase in 
the ratio of liver weight to body weight When cal- 
culated on the basis of the whole liver and body 
weight the amount of phospholipid present and its 
rate of turnover was cssentiall} normal There was 
a tendency for the concentration of plasma phos- 
pholipid to be elevated This was found consis- 
tently however only in the group on the iiigh fat- 
high protein diet 

Approximately 70% of the In or was remoxed 
from rats maintained on the commercial diet of 
Friskies One, two and four days later P** was 
given intravenously, and the phospholipid sj nthe- 
sis studied The relative activitj of the hepatic 
phospholipids and the rate of synthesis for each 
gram of remaining liver was greater than normal, 
particularly when the liver was still small The 
amount synthesized was approximately equal to 
that synthesized by the whole liver of a normal 
rat of similar size 

Isolation of brain diphosphoinositidc, a new 
phosphatide containing inositol meta diphosphate 
as a constituent Jordi Folch Rockefeller hisl , 
New York, and McLean Hospital, Harvard Medical 
School, Waverley, Mass Brain diphosphoinositidc 
has been isolated from inositol phosphatide frac- 
tion of brain cephalin (J Folch , J Biol Chem , 
146 35, 1942) by repeated precipitation with 
methyl alcohol from a 10 per cent solution of inosi- 
tol phosphatide in chloroform, 12 to 18 precipita- 
tions are necessary The product is purified by 
dialysis Yield, 1 gm per kilo of fresh tissue Di- 
phosphoinositide contains all of the inositol present 
in the starting inositol phosphatide The name 
has been chosen because inositol is present in the 
molecular as inositol meta diphosphate 

Diphospboinositide contains 7 3 per cent P, 0 6 
per cent N (mostly as NHs-N) and (by isolation) 16 
per cent inositol It is acidic and is obtained as a 
calcium magnesium salt By acid hydrolysis, inosi- 
tol, HjPOi, glycerol and fatty acids are obtained 
in ratios 12 11 

Inositol meta diphosphate has been isolated after 
short time acid hydrolysis of diphosphoinositide 
in amounts that account for 85 per cent of P and 
inositol present Its structure has been established 
by elementary analysis, by titration with alkili, 
by isolation from it of mositol (95 per cent of 
theory) and by reaction with HIO< One mol of 
inositol diphosphate from diphosphoinositide re- 
acts with 2 mols of HIO 4 and produces 1 mol of 


IICOOH This 18 consistent with a meta position 
of the 2 phosphorj’l radicals on the inositol mole 
culc, had they been in para position, no HCOOH 
would have been formed, in ortho position, 3 mols 
of HIO 4 would have been used, and 2 mols of 
IICOOII produced 

Chemical chnrnctcrizntion and crystallization 
of formaldehyde derivatives of gramicidin H 
FnAiNKin-CoMiAT, Bfatrici Brandon (byinvi- 
tation), and IIaroid S Oixott Western Regional 
Research Lahy , Albany, California An advantage 
ous modification of gramicidin through formalde- 
hyde treatment has been described (Lewis, cl al , 
Science, 102 271 (1915) The reaction mechanism 
and the nature of the product have now been 
studied The close agreement between the equiva- 
lents of try plophane in gramidicin,of formaldehyde 
introduced, and of hydroxyl groups formed sug- 
gests that the reagent adds as mcthylol to the 
try'ptophane residues Elementary analyses and 
increased solubility of the demative in aqueous 
alcohol agree with this hypothesis The loss of 
colonmotrically detectable try'ptophane, both in 
hydrolyzed and unhydrolyzed samples of formal- 
dehyde den vatu cs, is evidence for the participa- 
tion of the indole nucleus, probably at the alpha 
position Further evidence was based on the re- 
activity of simple indoles 
Two crystalline preparations have been obtained 
from freshly prepared formaldehyde-treated grami- 
cidin Both crystallized from acetone in 30-50% 
yields as needles with rectangular ends, unchanged 
by repeated recry stallizations, they appeared alike 
in every respect except their melting pioints The 
high melting product (m p 306-30S) was obtained 
after the crude product had been heated in vacuo 
at 7S° Otherwise crystals melting at 205-210 were 
obtained, this melting point rose with time Only 
fractions of intermediate melting points resulted 
upon crystallization of the material several weeks 
after its preparation The crystalline products 
contained slightly fewer methylol groups than the 
crude, and retained slightly more of the onginal 
hemolytic activity On the other hand, non- 
crystalhne material recovered from the mother 
liquors corresponded to the unfractionated prepa- 
rations in chemical and biological properties 
Use of high levels of partial acid hydrolysates of 
proteins intravenously in hypoproteinemic do^ 

Douglas V Frost, Jean Heinsen, and Robert 

Olsen, (introduced by D W MacCorquodale) 
Abbott Lahy , North Chicago, III Partial acid hy- 
drolysates of casein and fibnn (White, A , and 
man, R , J Biol Chem , 143 797, 1942) 
analyzed for their content of essential amino aci s 
The tryptophane content was about one-half t a 
of the original proteins Deficiency of sulfuramino 
acids in casein hydrolysate was corrected by a 1 
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tion of 0 1 per cent 1 cysteine hydrochloride to 
solutions made to contain 0 7 per cent nitrogen 
Adult dogs on non protein diet were made 
severely hypoproteinemic as determined by the 
plasma protein level Intravenous injection of the 
test hjdrolysates was made uniformly at a level 
of 600 mg N per kilo per day and a rate of 1 5 mg N 
per kilo per minute Three-day injection periods 
were used as the basis for nitrogen balance studies 
H> poprotememic dogs were injected for four 3 day 
periods with fibnn hydrolysate, again made hypo- 
proteinemic for three weeks on non-protein diet 
and injected for four 3 day periods with casein hy- 
drolysate Following this, the dogs were again 
made hypoproteinemic and injected with fibrin 
hydrolysate for tivo 3-day penods Studies were 
also made of casein hydrolysate supplemented with 
both cysteine and methionine 

The per cent mtrogen retained was consistently 
greater with fibrin hydrolysate than with casein 
hydroIyBate, the ma-uma. attained being fid and 37 
per cent respectively Plasma protein and weight 
gain were rapid, particularly with fibrin hydroly- 
sate The difference in utilization of these two 
protein hydrolysates does not appear to be ac- 
counted for by the difference in amino acid content 

Improvements m determinations of carbon 
monoxide, bromsolphalein, and plasma dyes 
0 H Gabbler and Helen Doqqan (by invita- 
tion) Dept of Labys , Henry Ford Hospital, 
Detroit In palladium chloride methods for deter- 
mination of carbon monoxide it is of interest that 
the extinction of PdCl solutions in very dilute HCl 
IS nearly constant in the region between 430 mp 
and 470 mp and increases greatly in the ultraviolet 
Hence the ratio of extinction to concentration is 
almost equally constant whether a photoelectric 
colorimeter with a 440 ma filter or a spectrophotom- 
eter IS used, and very small concentrations of 
PdCl can be determined with the latter instru- 
ment at 320 mp The excess of PdCL is thus easily 
determined, after flocculating any colloidal Pd with 
a small amount of N HCl, diluting to a fixed 
volume, and filtering through a sintered glass fil- 
ter tube 

Direct spectrophotometnc determinations of 
HbCO can be made quite specific for clinical pur- 
poses as follow s Lake 0 1 ml of blood with 19 ml 
of water and 0 2 ml of M/15 NajHPO* Add 0 8 ml 
of M/15 IvH PO*, mix, centnfugalize, and read 
against a water blank at 49S, 562, 574, and 628 m/j 
An equation for permanent use in calculating 
HbCO from extinctions at these four points is 
derived from data obtained by calibrating with 
solutions of methemoglobm, oxyhemoglobin, car- 
bon monoxide hemoglobin, and sulphemoglobin, 
prepared from normal blood specimens of known 
oxygen capacity , and diluted in the above manner 

The correction for turbidity , described in con- 


nection w ith spectrophotometnc determination of 
T-1824 (J Lab and Clin Med 28 1494, 1943) has 
also been found useful in determinations of brom- 
sulphalein (Am J Clin Path , in press) and bnl- 
liant vital red 

Biological determination of protoporphyrin H 
GiLPER and S Granick (introduced by L 
Michaelis) Rockefeller Inst for Medical Research, 
Neie York The requirement of hemin (the X 
factor) for the growth of H influenzae is utilized as 
a method for the quantitative determinations of 
protoporphynn and related porphyrin compounds 
Other iron porphyrin compounds will support 
growth of H influenzae but for the reduction of 
mtrate the vinyl groups, present in hemm and 
protoporphyrin, are required Porphyrin com- 
pounds which lack iron do not support growth, 
some actually inhibit These facts make possible a 
rather specific test for hemin and protoporphynn 

The method consists in companng the growth 
and nitnte •prndnwtAnn nf OTganiani'a grown on tbo 
unknown substance with that of orgamsms grown 
on known concentrations of protoporphyrm or 
heroin The nitnte is determined colonmetrically 
onO 1 cc of the 18 hour culture Companson of this 
method with spectrophotometnc methods shows 
good agreement The biological method will detect 
specifically 0 01 gamma per cc of hemin whereas 
the lower limit for detection of porphynns as a 
group by fluorescence is 0 1 gamma per cc For de- 
tection of porphynns by the characteristic position 
of the ultraviolet Soret band 1 to 5 gamma per cc 
are required 

The test has been used to determine the presence 
of traces of vinyl contaimng porphynns in certain 
porphyrin preparations, and to confirm the identity 
of protoporphynn in the Hardenan gland It is 
applicable for the determination of porphynns in 
biological materials without the necessity for 
isolation 

Electrophoretic changes in the serum protein 
patterns of dogs subjected to various types of 
injury Erland C Gjebsino (by invitation) and 
Alfred Chanutin Biochemical Ldby , Univ of 
Virginia Dogs were subjected to the following 
types of injury (1) dichloroethyl sulfide (mus- 
tard) and mtrogen mustards, (2) thermal injury 
by hot water and by dry COj, (3) turpentine, (4) 
X-ray, and (5) bone fracture The serum was 
analyzed electrophoretically by the Longsworth 
scanning technique The alpha globulin fraction 
increased in each case There appeared to be a 
48-72 hour latent period in practically all cases 
before the alpha globulin increased appreciably 
The greatest increases in this component were ob- 
served after thermal injury , exposure to mustard 
vapor and subcutaneous injection of turpentine 
The concentration of alpha globulin appeared to 
be roughly proportional to the degree of injury 
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This increase apparently rcprcsontccl a non-specific 
response to tissue damage The albumin concentra- 
tion decreased 

Electrophoretic patterns together i\ith detailed 
analyses of protein distribution and mobilities 
will be presented 

Studies of the melting points of gelatin gels 
RoBcnT S Gordon, Jr (by invitation) and John 
D Ferri Dcpl of Physical Chcnnslry, Harvard 
Medical School, Bosion Solutions of ossein gelatin 
(number average molecular eight 47,000), in 
0 15 M NaCl at pH 7 0, i\crc kept at 0° for 21 liours 
and the resulting gels Mere then warmed at a rate 
of about 12° per hour The melting point was taken 
as the temperature at which the gel, contained in 
the top of an inverted test tube, became fluid and 
fell to the bottom It was usuall3' reproducible to 

0 1° Measurements at various gelatin concentra- 
tions could be expressed bj the equation In 
(c - 4 7) = 141 6 - 1 IS X lOVT, where c is the 
concentration in grams per liter and T is the abso- 
lute temperature of melting 

Several different amino acids and related sub- 
stances were added to test their intlucncc on gela- 
tion The melting point of a solution with 11 
gram/1 of gelatin w itbout added reagent w ns 2G 3° , 
with addition 1 M NaCl, 25 0° , 1 M glj cine, 2S 2°, 

1 M proline, 27 5°, 1 M hydroxyproline, 2S0°, 
1 M Na acetyl leucine, 22 9°, 1 M Na caprjdalc, 
20 3°, 1 M Na acetyl trj'ptophanc, no gel at 0°, 
0 5 M Na acetyl tryptophane, 12 1° , 0 5 M KCNS, 
20 0° Thus the first three amino acids, all of which 
occur in the gelatin molecule in rather high propor- 
tions, enhance gelation slightly , whereas the mole- 
cules containing large non-polar groups together 
with a negative charge tend to inhibit gelation 
The effect of Na acetyl tryptophane exceeds even 
the well-known powerful effect of thiocyanate 

Function of ferritin in regulating the absorption 
of iron by the gastrointestinal mucosa S Granick 
(introduced by L Michaelis) Rockefeller Insl of 
Medical Research, New Tork The mucosa of a 600 
gram guinea pig contains ferritin only in traces 
present principally in the duodenum Feeding of 
ferrous iron results within 4 5 hours in a marked 
increase in the ferritin content of the mucosa, 
especially in the duodenal region, this response 
becoming maximal 7 hours after feeding By the 6th 
day after feeding, the ferritin has diminished to 
the level of the control animals Feeding of ferrous 
iron results not only in the production of iron 
hydroxide micelles characterizing the iron of ferri- 
tin, but also the specific protein apoferritm is pro- 
duced to which these iron hydroxide micelles 
attach to form ferritin The presence of ferritin m 
the mucosa, its rapid increase on feeding of iron, 
and its relatively slower rate of disappearance, fit 
in with the hypothesis suggested by Hahn, Bale, 
Ross, Balfour and Whipple, Jour Exp Medicine 


78 ICO (1913), that ferritin may function in the 
regulation of iron absorption by the gastrointestinal 
mucosa 

Excretion of certain urinary constituents in 
nlknptnnuria W Knowiton Hale, Katrine 
RAWisandV P Si dfnstrtcker (introduced by 
A P Briggs) Dcpls of Biochemistry and Medicine, 
Umv of Georgia School of Medicine, Augusta 
Urinary analyses were made on twenty -four hour 
urine samples from six alkaptanuric females and 
three alkaptaminc males No creatine was found 
in the urine samples nor were abnormal amounts of 
amino acids excreted, as shown by formol titration 
The homogcntisic acid to nitrogen ratio was rela- 
ti\cly constant as was the ratio of total phenols 
(method of Polin and Denis) to nitrogen The total 
organic acid content of the urine by the method of 
Van Slyke and Palmer in most cases was high or 
abnormally high and the homogcntisic acid present 
was insufficient to account for these values It 
would appear from the values obtained for excre- 
tion of total phenols, homogcntisic acid and total 
organic acids that appreciable amounts of a 
phenolic organic acid other than homogcntisic acid 
was present in the unne samples The method of 
Penrose and Quastcl indicated no very appreciable 
amounts rf koto acids to be present [Aided by 
grants from Mere) and Co and the John and Mary 
R Marklc Foundation ] 

Hemoglobin solutions suitable for intravenous 
administration PaulB Hamilton (by invitation) 
and Lle E Farr Hospital of the Rockefeller Inst 
for Medical Research, New York A method of pre- 
panng hemoglobin solutions suitable for intrave- 
nous use was found w'hicb enabled sterile, non- 
pyrogenic solutions of physiological osmotic pres- 
sure and electrolyte concentration to be made 
rapidly and on a large scale Ninety-five per cent 
of the hemoglobin in the final solutions was in the 
active, oxygen-carrying form The solutions could 
be stored at 4°C for at least 4 months without 
change in appearance or without loss of oxygen- 
carrying capacity 

One volume of washed cells is laked wuth 
volumes of pyrogen-free-distilled water Sufficient 
0 1 W HCl (0 6 to 0 8 volumes) is added to adjust 
the pH to 5 8, and the whole made to 4 volumes 
“stroma” materials are rendered insoluble an 
flocculate readily Potassium is reduced to norma 
plasma concentrations by exchange with sodium 
on treatment with Decalso (sodium zeolite) 
each 100 cc of solution 3 grams of Decalso is a e 
and mixed with swirling The precipifa e 
“stroma” and Decalso are removed by filtra ion 
on a coarse filter paper Normal physio ogica 
plasma pH and bicarbonate ion concentration are 
restored by the addition of sodium bicar ® 
Normal plasma concentrations of Na, Ca an Sr 
are restored by adding these ions as the c on 
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salts The solution with dissolved salts is passed 
through a Seitz S-1 filter pad and the filtrate col- 
lected in sterile bottles Preparation is earned out 
at 4'’C [TForl done under contract with the Office of 
Scientific Research and Development ] 

Precise estimation of Ijsine in the van Slyke- 
Neill manometric apparatus with a specific de- 
carboxylase Martin E Hanks Dept of Bio- 
chemistry, Univ of Chicago An accuracy of 1 part 
in 200 can be realized in analyses for free 1-lysine 
in the manometnc gas apparatus of Van Slyke and 
Neill, by measurement of the COj liberated by a 
specific decarboxylase Important precautions are 
(1) complete preliminary removal of COi from the 
sample to be analyzed (protein hydrolysates re- 
tain CO tenaciously) , (2) addition of a imnute 
amount (1 mg per analysis) of cysteine to prevent 
inhibition of enzyme action by mercury ions, (3) 
adjustment of the pH to 6 9 for optimum enzyme 
action The enzyme is prepared irom cultures oi 
Bacillus cadaveric as described by Zittle and 
Eldred ' For analysis of solutions containing 0 5 to 

5 mg 1 lysine, 02tol0ml ofalto 5% aqueous 
suspension of the acetone-washed, dried bacterial 
cells in a total reaction volume of 6 5 ml and a re- 
action time of 30 to 120 minutes at 23 to 26°C pro- 
vide conditions for the complete -decarboxylation 
of the 1-lysine No other known substance is 
attacked 

In the following, our values on the lysine content 
of proteins are expressed first as the grams lysine 
per 100 grams dry ash-free protein, and second (in 
parentheses) as the grams lysine per 10 grams of 
protein N Pfanstiehl casein 7 73 (8 35) , Lab Co 
casein 8 10 (8 33) , beef muscle protein (Wilson 

6 Co ) 7 62 (7 47) , crystalline bovine blood al- 
bumin (Armour & Co ) 11 91 (12 06) , Pfanstiehl 
zein 0 09 (0 10) 

Occurrence in foods, of an unidentified factor 
essential for rat growth A M Hartman (intro- 
duced by C A Cary) Bureau of Dairy Industry, 
Agricultural Research Administration, TFas/iini? 
ion, D C Cary et al have shown that some caseins 
and liver extracts supply an unidentified factor (X) 
essential for the normal grow th of rats , that young 
rats may be depleted of X , and that basal diets may 
be constructed that are deficient in X and complete 
in respect to all known nutnents Using X-depleted 
young, the growth promoting activity of vanous 
foods has been tested, feeding these foods in such 
a way as not to disturb the completeness of the 
rations as sources of known nutrients Certain 
foods produced normal growth — i e equivalent to 
that of controls fed optimum amounts of X, others 
increased growth with increasing dose Such foods 
were milk, dried skimmilk, cheese, beef and pork 
muscle, egg yolk and certain leafy foods and feeds 

1 C A Zittle and N R Rldwd J Biol Cbem 156 401 (1944) 


These foods and feeds undoubtedly contaiu X, 
some are good sources of it The potency of egg yolk 
appeared to vary with the diet of the hen Other 
foods similarly tested gave no evidence of contain- 
ing X — eg yeast (bakers’, brewers’, autolyzed), 
coagulated egg white, wheat bran, corn meal, lin- 
seed oil meal, soybean oil meal, wheat flour (white, 
enriched white, whole wheat) , and when rations 
contaimng these foods were supplemented with X, 
growth was good — e g the growths (6 weeks) were, 
on the basal ration 116 grams and on this ration con- 
taining 45 5% of (1) enriched white flour and (2) 
whole wheat flour respectively 115 grams, 109 
grams wntbout X and 204 grams, 198 grams, with 
10% of dried skimmilk to supply X 

Kenotropic effect of the anterior pituitary 
E Hay, P Seguin and M LARivifiRE (by invita- 
tion), and H Jensen Inst of Experimental Medi- 
cine and Surgery, Univ of Montreal and Dept of 
ReseoTtK, Deshvrgtus-Bismol Lnbyjs Selye snA 
associates (J Can Med A , 52, 571-82, 1945) found 
that administration of antenor pituitary extract 
causes pronounced hypertrophy and hyperplasia 
of the renal tubule cells as well as some increase in 
the diameter of the glomeruli We have undertaken 
studies to determine whether this effect is due to 
any of the known antenor pituitary principles or 
to a yet unknown specific renotropic factor 

Assay of renotropic activity was performed in 
normal male rats weighing 40 to 50 grams Solutions 
were injected subcutaneously twice daily for 10 
days On the mormng following the last injection 
the ammals were killed, bled, and the kidneys 
fixed and weighed The average percentage of kid- 
ney weight to body weight in the treated ammals 
was compared with that in rats which had been 
injected with the same volume of 0 85% sodium 
chloride solution 

We have found that admimstration of highly 
purified thyrotropic preparations produces a 
pronounced renotropic effect in normal and hypo- 
physectomized rats A small increase in propor- 
tionate kidney size was observed on adimnistration 
of adrenocorticotropic preparations On the other 
hand admimstration of lactogenic, gonadotropic or 
growth preparations did not elicit any renotropic 
effect However, it cannot be concluded from these 
observations that the renotropic response of a crude 
antenor pitmtary extract is due solely to the pres- 
ence of the thyrotropic principle, since small doses 
of thyroxine synergize the response of crude an- 
tenor pitmtary extracts and since the renotropic 
effect of crude antenor pitmtary extracts can be 
elicited, though to a smaller degree, in thyroidec- 
tomized rats 

Studies in steroid excretion H HiRscHiiANN 
(introduced by Ralph I Dorfman) Dept of Medi- 
cine, Western Reserve Univ , and the Lakeside 
Hospital, Cleveland The examination of the unne 
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of a boy with adrcnocorlicnl carcmonm \\hich pre- 
viously had yielded A'-andro3teiictriol-3(^),lC,17, 
A'-androstencdiol-3(/5), 17(a), and A“-pregnenc- 
diol-3(/3),20(a) has furnished two additional com- 
pounds not previously described as constituenlsof 
human urine One of those is an alcohol melting at 
181-184° vliich forms an acetate (m p 143-144 6°) 
The analyses indicate the composition CuTI-iO db 
CHs for the parent compound The 3 double bonds 
suggested by this formula are present in a ben- 
zenoid ring ns vns shov n by the specific absorption 
of this substance in the ultraviolet (X rn»r ■= 208 
m^i, log « = 2 50) The spectrum is characteristic 
of a bcnzenoid ring occup 3 ing a central rather than 
a terminal position in the ring s} stem The second 
substance (m p 293-299°) analyzed for CjjTIj Oi 
Itformsamonoacetato (m p 273-278°) and a mono- 
o\ime (m p 209-272°) [Thisinvcsligalionuas sup- 
ported by a grant Srom the Commonwealth Fund ] 

Diet and calcium phosphate deposits in guinea 
pigs A G Hogan and W 0 Regan (bj in\ Ra- 
tion) Dept of Agricultural Chemistry, Univ of 
Missouri, Columbia A tj'pical basal diet was com- 
posed of casein 20, sucrose 30 or 35, celluflour 15, 
lard 10, salts 4 or 5, and dried brewers’ j east 15 
Vitamins A, D, E, and K were dissoh cd in the lard 
Salt mivture A was included at a level of 4 per cent, 
and 4 grams contain 0 2 grams of phosphorus 
Salt mixture B w'as included at a level of 5 per cent 
and 5 grams contain 0 0 grams of phosphorus The 
two salt mixtures contain approximately the same 
amount of calcium When the diet contained salts 
A the animals grew fairlj' W'ell and there were few 
abnormalities When the diet contained salts B 
practically all of the animals developed localized 
deposits of calcium phosphate Usually these are 
first observed on the soles of the feet or on the toes, 
and they resemble a pinhead size infection Ex- 
amination discloses the presence of innumerable 
microscopic crystals of calcium phosphate The 
deposits may also appear on any of the long bones, 
on the ribs, spinal column, on the superficial mus- 
cle surfaces, and on various internal organs 
Usually they do not appear until the ammals have 
been on the experimental diet for 6 months or 
more With one exception, the deposits have not 
appeared in ammals that consumed diets of natural 
foodstuffs, even though the diet contained as much 
phosphorus as did the experimental diets which 
included salts B 

Use of the “counter-current distribution” 
technique for the isolation of biologically active 
principles Geohge H Hogeboom (by invitation) 
and Lyman C Ceaig Roclefeller Inst for Medical 
Research, New York The “Counter-Current Dis- 
tribution” technique^ was found to provide a rela- 
tively simple method for separation, purification, 

1 Craig, L C , Golumbio, C , Mighton, H , and Titus, E , 
J Biol Chem In Press 


and characterization of several closely related sub- 
stances which arc produced by Aspergillus ustus 
and inhilnt tlie growth of mj cobacteria * A crude 
preparation obtained b} ether extraction of the 
aspcrgilliis and its culture medium exhibited acidic 
properties and was soluble both in alkaline buffers 
and in organic solvents When this crude antibiotic 
was subjected ton21 plate counter-current distn- 
bution in a machine similar to that desenbed by 
Craig in the sj stem cj clohcxane/O 2 molar NaiPjO? 
buffer, pll 8 31, a pure crystalline, growth inhibit- 
ing substance (Mp 185-7°, C 53 37, H 3 64, Cl 
22 G3, probable formula CiiHi;CliO!) was isolated 
from the tubes forming a symmctncal band The 
tubes of a second asymmetrical band contained a 
non-crystalline mixture, also antibiotically active, 
which migrated only slightly with the buffer Sepa- 
ration of the components of the asymmetrical ban 
was easily attained by increasing the alkalinity of 
the pyrophosphate to 8 GG, using the same orgamc 
phase, and again employing a 24 plate run This 
procedure yielded a second crystalline active sub- 
stance (Mp 215-10°, C 58 02, H 4 19, Cl 16 84, 
probable formula C-iHijCljOj) and a third, par- 
tially' crystalline fraction now under study The 
two pure compounds and the third impure fraction 
showed approximately' equal antibiotic activity, 
completely inhibiting the grow th of Mycobacterium 
ranac at dilutions of 1/100,000 to 1/300,000 

Thiamine requirement of infants L Emmett 
Hoizr, Jn , and Anthoni A Albaxese (by invi- 
tation), Rosa Lee Nemib, Katherine C Kethox, 
and Selma Sntderman Dept of Pediatrics, New 
York XJniv Although considerable information has 
been obtained in regard to the thiamine require- 
ment of the adult, based on various experiments 
w'lth purified diets, exact information as to the 
requirement of the infant has not been available 

A group of infants were placed on a purified die 
m which B vitamins were supplied as a mixture o 
pure substances The quantity of thianune was 
reduced until the minimal level of unnary excre- 
tion of this factor was obtained Previous ^ 
by Najjar and Holt (JAMA 123 683, 1 
earned out in adolescents and young adults 
shown that mimmal urinary excretion values o 
this factor were obtained with a thianune m 
tw'o to three times as high as that which led 
ficiency symptoms It w'as therefore felt that in 
infant an intake sufificiently low to barely 
the mimmal excretion level would likewnse a or 
protection against deficiency symptoms by a sim 

lar margin , 

By gradual adjustments of the thiamine m 
it was found that the minimal urinary _ 

infants of 12 to 16 pounds in weight coul ® 
tamed by reducing the thiamine lAta e 

= Kurung, J M , Science 102 11 (1945) 
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to 18 mg per day Intakes of this order of magni- 
tude were maintained for several months without 
any climcal evidences of deficiency 
Cjtochrome C-cyamde complex B L Hor- 
ECKER and Arthur Kornberq (introduced by 
Harry D Baemstein) National Inst of Health, 
Bethesda, Md In studies involving the reduction 
of cytochrome C by the succimc dehydrogenase 
system, it was observed that in the presence of 
cyamde there is a progressive decrease in the 
amount of reducible cytochrome C This confirms 
observations previously reported by Potter * 

The kinetics of the reaction 

Cytochrome C + CN~ Cyancytochrome C 
have been studied enzymatically and spectro- 
photometncally At27°C and pH 7 3, the equihb- 
rium constant has a value of 2 X 10^ The reaction 
velocity constant for the formation of the complex 
IS 7 X 10* The failure of enzymatic reduction to 
reverse the formation of complex is therefore at- 
tributable to the very slow rate of dissociation 
NajSiOi reduces the complex with the formation 
of free reduced cytochrome C 

The change in spectrum of oxidized cytochrome 
C in the presence of cyamde as observed by Potter 
has been confirmed In addition concentrated solu- 
tions of cytochrome C show an absorption band at 
6900 A which -disappears on addition of cyamde or 
with enzymatic reduction The relation of this 
band to cytochrome C is discussed 
Factors affecting the levels of lactic acid and 
pyruvic acids in the blood M K Horwitt, O 
Kbeisuer (by invitation) and Rat D Williams 
Biochemical Research Lahy , Elgin State Hospital, 
Dept of Biological Chemistry, Univ of Illinois 
College of Medicine, Chicago, and Dept of Medi- 
cine, Washington XJniv , St Louis In the course of 
long term observation of human subjects on a diet 
considerably restricted with respect to thiamine 
and riboflavin, variations were observed in values 
for lactic and pyruvic acid These variations were 
independent of those which occurred as a result of 
dietary restnctions Furthermore, they occurred 
not only in subjects on the restricted diet, but also 
in subjects who were serving as controls and re- 
ceived the same diet supplemented with yeast to 
raise the intake of thiamine and riboflavin Indi- 
viduals showed a definite range within which their 
lev els of lactic and pyruvic acid vaned This applied 
not only to the basal levels of these substances, but 
also to the levels noted after giving glucose and 
after exercise 

Environment apparently accounted for these 
variations Onagivendaj the results on every sub- 
ject tested would be higher than on another day 
The phenomenon has been shown not to be an arte 
fact, as was at first suspected It has been studied 

■ Potter V R . J Biol Chcm 137 13 (IMl) 


for a penod longer than two years in more than 
thirty-five subjects 

Acid-base reactions of quinoline and acridine 
derivatives J Logan Irvin and Elinor Moore 
Irvin (by invitation) Dept of Physiological 
Chemistry, The Johns Hopkins University, School 
of Medicine, Baltimore Apparent acid dissociation 
exponents (p = 0 1 , 30°) for various derivatives of 
qmnoline and aondine were determined potentio- 
metncally and spectrophotometrically with good 
agreement Values of pK',, (nng mtrogen) for qm- 
mne and plasmochin are 4 28 and 3 46, respectively 
The value of pK',j (diethylamino group) for plas- 
mochin IS 10 2 A second reversible acid-base reac- 
tion involving the aromatic nucleus of plasmochin 
was determined spectrophotometrically inconcen- 
trated solutions of strong acids (mid-points at con- 
centrations of 3 6 N HCl and 5 6 N HjSOi, 
respectively) This reaction probably involves the 
secondary ammo mtrogen In sulfunc acid from 
20 N to 35 N a small change in spectrophotometnc 
absorption by plasmochin occurs, and there is a 
striking increase in fluorescence which can be ap- 
plied in determimng plasmochin 
In a senes of 4-ammo qmnolmes with identical 
side chains (1 methyl-4 diethylamino butyl-) at- 
tached to the ammo group, the distinctive substit- 
uents and the corresponding values of pK'.j (aro- 
matic nuclei) for the compounds are 6-methyl- 
8 76, 7 chloro , 8 03 , 2-methyl -7-chloro-, 8 51, 
3 methyl -7-chloro-, 7 28 pK'.j (diethylamino 
group) IS 10 2 in each case A second proton is ac- 
cepted by the aromatic nucleus m very strongly 
acid solutions (20-35 N HjSOi) 

For the 9 ammo acndmes, as well as for the 4- 
amino qmnolmes, the effects of substituent groups 
on basicity appear to be related to the relative 
electronegativities of the groups and to the relative 
symmetry of substitution 
In an homologous senes of 2-methoxy-6- 
chloro acndmes with side chains of the type, 
— NH (CHj)„ N (CsHs) , substituted in the 9- 
position, the values of pK'.j bear an inverse linear 
relationship to the corresponding values of 1/n 
Rate of urinary excretion of ascorbic acid, 
thiamine, riboflavin and n* methyl-nicotinamide 
and the effects of diuresis, alkalosis, acidosis and 
ingestion of food Robert E Johnson Fatigue 
Laby , Harvard Univ , Boston, Mass The rate of 
excretion of vitamins in the unne has been widely 
studied in relation to dietary deficiency, but there 
has been little systematic observation on other 
possible causes of vanation We have studied the 
rates of urinary excretion of ascorbic acid, thia- 
mine, nboflavm and N‘-methylmcotinamide in 12 
young men living on similar adequate diets During 
separate mornings the effects were studied of in- 
gesting enough water to produce a sigmficant diu- 
resis, of ingesting sodium bicarbonate, of ingesting 
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ammonium chloride and of catiiif; hrcnkfant 
In each c\pcrnncnt si\ of the subjects were used 
as controls and during the course of the study all 
combinationsof the factorslistedabove were tested 
No significant effect on the rate of excretion of any 
of the four vitamins was observed (a) when the 
urinary pH vss raised to 7 5 by ingestion of sodium 
bicarbonate, (b) when the urinary pll was lowered 
to 5 0 by ingestion of ainmoiiium chloride, (c) 
w'hen breakfast was eaten In contrast, ingestion 
of water enough to cause an excretion of 200 ml of 
urine per hour resulted in increased rates of excre- 
tion of thiamine, riboflavin and N-mcthvlnicolin- 
amidc, but had no effect on the excretion of ascorbic 
acid Diuresis up to 100 ml of urine per hour had 
no effect on the excretion of anj of the four xita- 
mins Controls produced about '10 ml of urine per 
hour, and at rates below 25 ml per hour, the excre- 
tion of all four vitamins decreased 
Analjsis of basic organic compounds in biologi- 
cal tissues G Ultraviolet spcclrophotomctrj 
Edw'ard S Josephson (b} invitation), Sioxrv, 
Udenfriend (by invitation), and Bernard B 
Brodie Goldwaicr Memorial Hospital and New 
York Untv , New York Spectrophotometry using 
the ultraviolet lacks the sensitivity of the methods 
of assay previously described, but it is useful as a 
final means of assay in certain instances, as an aid 
in developing procedures which eventually involve 
other principles of assay, and as an adjunct in the 
examination of specificity 
Ultraviolet spectrophotometry has been utilized 
in the design of methods for organic bases in plasma 
at concentrations of about 1 mg /L A recent simple 
micro-adaptation of the Beckman spectrophotom- 
eter makes it probable that the sensitivity can be 
increased several times The method as applied to 
quimne is as follow's Quinine is isolated from al- 
kalinized plasma by extraction into acid-washed 
erhylene dichloride and is then returned to 0 1 N 
HjSOi The drug is assayed spectrophotometrically 
at 250 mu Glassware used in the acid extraction 
and quartz cuvettes must be chromic-acid cleaned 
Reagents and normal plasma run through the pro- 
cedure negligible absorption between 240-400 mu 
Preliminary information from spectrophoto- 
metric analysis of biological material is useful in 
developing an analytical procedure which will 
ultimately utilize another method of final assay 
Optimal conditions for the extraction of a drug from 
biological material may be worked out simply and 
quickly using a variety of combinations of pH and 
organic solvent with the drug at concentrations 
measurable with this technique This information 
is essential in determining the general form of an 
analytical procedure before information is available 
on the sensitivity which will be required Spectro- 
photometric study of apparent drug measured in an 
analytical procedure is commonly useful in evaluat- 


ing the extent to which an analytical proccdurehas 
specificity 

Maintenance of nitrogen balance on low nitro- 
gen and low caloric Intakes Chari es F Kadb 
and Jr AN Houston (bj invitation), and Mflville 
Saihun hrcdcricl Stearns Division, Sterling Drug 
Jnc , Detroit The effects of three different diets, 
wherein the sole source of nitrogen consisted of a 
metaprotcin of lactalbumin, were studied on female 
dogs with respect to nitrogen balance 

In the first senes of experiments, the nitrogen 
and caloric intakes were 00 mg and 80 calones per 
kilo of boflj weight, respectively On this diet the 
animals wore maintained forseveral months ingood 
positive nitrogen balance Gain in weight was ob- 
served These animals remained in positive nitro- 
gen equilibrium even when the caloric intake was 
reduced to 40 calorics per kilo of body weight How- 
ever, they excreted more nitrogen than they took 
in when the calorics fed were less than 40 per kilo 
of body weight 

In the second senes, the dogs received 500 mg 
of nitrogen of the metaprotcin per kilo of body 
weight and thcir’caloric intakes were graduallj re- 
duced from SO to 20 calones per kilo of body w eight 
On 20 calories per kilo the calonc intake was almost 
entirely derived from the metaprotein in the diet 
The animals were maintained in nitrogen equi- 
librium 

In the third group the dogs were first kept on a 
diet of 150 mg of nitrogen per kilo of body weight 
The caloric intake was gradually reduced from 80 
calories to 20 calorics per kilo The animals were in 
negative nitrogen balance on 20 calories per kilo 
but returned to positive nitrogen balance when the 
caloric intake was raised to 30 calories per kilo 

Effect of splenectomy on the anemia of choles- 
terol fed guinea pigs Barbara Kennedy (by 
invitation) and Rurn Okev Dept of Home Eco 
nomtes, Untv of California, Bcrleley Gross y 
enlarged spleens are always present in guinea pigs 
made anemic by cholesterol feeding Other indica 
tions of the hemoly tic nature of this anemia are 
hyperplastic bone marrow, increased fragility o 
erythrocytes, fatty livers and high serum bihrubm 
(J Biol Chem 156 179, 1944 ) 

In order to determine the extent to which sp enic 
activity affected the development of the anemia^ 
15 guinea pigs were splenectomized Therea ter 
were fed abrain stock diet, 6 a “basal’ diet con 
taming 20 per cent casein, 10 per cent y'east, an 
12 5 per cent fat, and 7 were given this “basal a 
plus 1 per cent cholesterol . 

The splenectomized animals given the 
appeared normal Tolerance for the basa 
was somewhat lessened by splenectomy 
was poor and there were some indications o a 
cell destruction slightly greater than ^ 

Spleneetomized animals given the basal die 
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per cent cholesterol had erythrocytes counts which 
fell to approximately 3 million in 50 to 60 days 
Livers were markedly fatty and serum bilirubin 
was high Anemias were fully as severe as in the 
intact animals on the same diet 

This would indicate that the enlargement of 
the spleen does not produce, nor does its remox-al 
prevent the anemia of cholesterol fed guinea pigs 

Effect of henun proteins on so}bean Iipotidase 
Marian W Kies (introduced by A K Balls) 
Bureau of Agncullural and Industrial Chemistry, 
U S Dept of Agrtculiure, Albany, Caltfomta In 
a study of hemin catalysed fat oxidation, Hauro- 
witz‘ has reported that the so called essential fatty 
acids are particularly susceptible to this type of 
oxidation Balls, et al noted the same specificity 
for soybean hpoxidase Since the substrate speci- 
ficity of the two appeared to be similar, a study of 
their relative actions was undertaken 

Punfied soybean hpoxidase and crystalline 
bovine hemin were compared as fat oxidation 
catalysts under identical expenmental conditions 
Hemin is more effective, weight for weight, than 
our hpoxidase preparation but, unlike the latter, 
13 completely ineffective if the reaction mixture 
contains 10 per cent acetone Haurowitz (1) has 
shown that henun is eventually destrojed during 
the catalytic process In our expenments, oxygen 
absorption curves indicate that hpoxidase is even 
more readily inaotixated 

The effect of hemin and various hemin proteins 
on hpoxidase activity was investigated Hemin and 
cytochrome inhibit hpoxidase completely whereas 
catalase, peroxidase and hemoglobin do not The 
effect of cytochrome is apparently a property of 
the ferric form since reduced cytochrome is readily 
oxidized (as a co substrate) by hpoxidase plus 
Iinoleic acid The latter reaction depends on the 
presence of both unsaturated fat and enzyme, and 
IS not inhibited by 0 02 M NaCN However, once 
the oxidized cytochrome is formed no further en- 
zymatic action can be detected 

Distribution of intravenously injected fructose 
and glucose between blood and brain J Raymond 
Klein and Roth Hurwitz (by invitation) Dept 
of Psychiatry, Illinois Ncuropsychiatnc Inst , 
Untv of Illinois College of Medicine, Chicago 
The concentrations of fructose and glucose in blood 
and cerebral hemispheres of cats under Dial anes- 
thesia, detenmned at intervals after intravenous 
injections of these sugars, are such as to indicate 
that the rate of transfer of fructose from blood to 
brain is considerably less than that of glucose The 
data of Kerr and Ghantus (J Btol Chcm , 116 
9 (1936) ) indicate that ox ert symptoms of hj pogly- 

1 Hnuromli F Sctiwenn F , nnd "Ycnson M , 3 BidL 
Chem 140 353 (1941) 

* Balls A K , Axelrod, B , and Kies M W , J Biol Chem 
US 491 (1943) 


cemia appear in dogs when the concentration of 
glucose in brain is below 30 mg per 100 gm and 
below 12 mg in rabbits The concentrations of 
fructose found in brain, e g , 6 mg per 100 grams of 
blood-free tissue 5 minutes after a dose of 2 grams 
per kg and 43 mg per 100 grams 32 minutes after 
a dose of 2 9 grams per kg , indicate that the rate of 
transfer of fructose from blood to brain is insuffi- 
cient to proxude a concentration that might be 
expected to relieve or prevent the effects of 
hypoglycemia 

Effect of over-nufrition on ketosis Alfred E 
Koehler and Elsie Hill (by inxutation) Santa 
Barbara Cottage Hospital and The Sansum Clinic 
Santa Barbara, California Over-nutntion is 
usually listed as a cause of diabetic coma We have 
verified the reported findings that excessive carbo- 
hydrate feeding does not induce ketosis In ten 
controlled diabetic subjects on a maintenance 2 
to 1 diet, averaging 60 umts insulin, an additional 
1000 calories of fat was given daily for periods vary- 
ing from 2 weeks to 3 months This usually repre- 
sented the maximum that they could eat The unne 
and blood ketone values did not increase Stool 
analysis showed that the fat was nearly completely 
utilized except in 2 cases dunng a period of di- 
arrhea The gastrointestinal upset in these 2 cases 
immediately produced a defimte ketosis and the 
expenments had to be discontinued 
Our expenments indicate that over-nutntion 
with carbohydrate or rats in controlled diabetes 
does not produce ketosis Associated systemic dis- 
turbances, probably altenng liver function may, 
however, produce acidosis 
Rate of the Liebermann-Burchard cholesterol 
color reaction Alfred E Koehler and Elsie 
Hill (by invitation) Santa Barbara Cottage 
Hospital and The Sansum Clinic, Santa Barbara, 
California The rate of the cholesterol color reac- 
tion was measured by means of aphotoelectnc color- 
imeter in conjunction with a water bath main- 
tained at 25°C The usual procedure of mixing the 
reagents at the start of the reaction was unsatisfac- 
tory because of the heat of reaction causing a nse 
of 1 6°C even in a well stirred xvater bath 
The procedure adopted was to add 0 1 cc sulfunc 
acid and 10 CO acetic anhydride to 4 cc chloroform 
and this was added to the cholesterol in 1 cc 
chloroform after each had reached 25°C This 
method speeds the color development because the 
preliminary incubation of the chloroform acid 
mixture completes this phase of the reaction 
Commercial cholesterol punfied and 6 times 
recrystalhzed had a SO per cent color development 
in 4 minutes and 23 seconds while blood serum 
total cholesterol developed SO per cent color in 2 
minutes 27 seconds and serum esters after digitomn 
separation gave half color in approximatelj the 
same time 
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Cholesterol prepared from serum and recrystAl- 
lized 8 times had approximately the same rate of 
reaction for both total and esters 
The Liebermann reaction is diphasic and color 
development is dependent upon the completion of 
the ehloroform-acid-anlij dride reaction 
Purified serum cholesterol is a different form of 
cholesterol than that usually used for standards 
The latter may have been altered in the process of 
manufacture 

Total cholesterol and esters have approximately 
the same rate of color reactions 
Amino acids in the production of (;ranuloc}tcs 
in rats Anxnun KonNnrno (introduced by W II 
Sebrell) Division of Physiology, Nalional Inst 
of Health, Bethesda, Md Severe granulocj topenia 
and anemia arc noted in high incidence vhen 
weanling rats arc fed protcin-frco diets Treatment 
of the granulocytopenia with sjnthctic L casci 
factor (L C F , “folic acid”) resulted in a slight 
average increase in granulocyte count Administra- 
tion of diets containing 18 to 50% casein m the 
absence of L C F was ineffective Ilowcvcr, the 
combined administration of L C F with casein or 
with egg white was highly cficctive The ai crage 
granulocyte count rose from 300 cells per cu mm 
to a level of 4000 

A mixture of the 10 “essential” amino acids 
successfully replaced casein or egg white Of these 
10 acids, none was dispensable except arginine 
which appeared to be essential in only about half of 
the ammals Findings with amino acid supple- 
mentation of modified or deficient proteins sub- 
stantiated findings with mixtures of purified aimno 
acids Thus, oxidized casein (Toenmes, Jour Biol 
Chem 145 667) promoted granulocyte production 
only when supplemented with methionine and 
tryptophane Dried plasma was ineffective unless 
supplemented wnth isoleucine 
In the production of erythrocytes, preliminary 
data also indicate that a mixture of the 10 “essen- 
tial” ammo acids can largely replace casein 
Methiomne and tryptophane appear to be indis- 
pensable as indicated by findings with oxidized 
casein 

The admimstration of the “essential” ammo acid 
mixture at an 18% dietary level to the protein- 
depleted rats resulted in a high mortality Similar 
but less pronounced toxicity followed the feeding 
of a 50% casein-contaming diet 
Edema and low serum protein concentrations 
were noted in some protein-depleted rats 
On the mode of action of penicillin L O 
Krampitz (by invitation) and C H Werkman 
Dept of Bacteriology, Iowa State College, Ames 
An inhibitory effect of pemcillin on Staphylo- 
coccus aureus was demonstrated which apparently 
involves the metabolism of nucleotides or nucleic 
acids 


Twenty mgs Ijophihzcd cells (or freshly bar 
vested cells) in phosphate buffer, pH 7 0, exhibited 
a small and constant rate of oxidation of the endog 
cnous substrates for from four to six hours, after 
which there was a gradual positive acceleration of 
activity which attained a level of approximately 
250 pi 0 /hour after six to eight hours This ac- 
celeration IS totally inhibited by 400 units 
crystalline penicillin G sodium/ml Autoclaved 
penicillin was not inhibitory The RQ dunng 
the rapid phase of oxidation was 1 0 , and acetic 
acid accumulated 

(1) CellnO, + 2 O 5 2 CH,COOH-b 

2 CO, -f 2 H,0 

Equation (1 ) satisfies these conditions, however 
penicillin had no effect on the reactions concerned 
Nor was the release of glucose from polysaccharides 
etc which could be subsequently oxidized in- 
hibited by penicillin 

(2) CjHioOj + Oi-*2 CHjCOOH 

"b CO, -{- HjO 


Equation (2) represents the oxidation of pentoses 

to acetic acid with a R Q of 1 0 No inhibition of 
the oxidation of ribosc or its phosphate esters was 
detected The possibility that ribose from cellular 
nucleic acids was oxidized and that the liberation 
was inhibited by penicillin was investigated 
When yeast sodium nucleinate was added to a 
suspension of cells, a rate curve exhibited similar 
itics to the endogenous curve The acceleration, 
however, appeared two to four hours earher, and 
the maximum oxidation was considerably higher 
(425 pi 0 ,/hr ) and was maintained a longer period 
400 units crystalline pemcillin was completely 


hibitory 

Quinine, avitaminosis, and motility Granvil 
Ktker, Mildred McEwen, E McG Hedg 
:th, and Violet Young (introduced by James 
Andrews) Dept of Biological Chemistry an 
uirilwn. School of Medicine, Univ of Norl 

irohna. Chapel Hill Although intestinal motility 

id absorption are decreased by a deficiency 0 
tamin B, and certain other members ^ ® , 
mplex, previously repiorted results indicate 
testinal motility increases when B ® 
ficient rats receive quimne A radiograp 
iidy confirms this conclusion 
Eight young rats, equally divided accor ng 
were caged individually and studie ra 
iphically at 15, 60, and 120 nunutes , 

five barium meals which were admims 
ipectively on the following experimental ^ 
3, 23, 25, and 32 Food and water were ^]th 
e day before each meal The first an 
lals consisted of a barium suspension w 1 
:ond, fourth, and fifth contained j 

i adequate diet preceded the first two mea 
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thereafter a diet free of vitamin B complex was 
provided A moderate avitaimnosis prevailed when 
the third and fourth meals i\ere admimstered and 
a severe avitaminosis had developed when the fifth 
meal was admimstered 

The greatest difference in motility appears in the 
fifteen rmnute studies Qmmne and avitaimnosis 
B complex depress motihty slightly when acting 
separately but increase motility greatly when 
imposed simultaneously This increase in motihty 
IS greater when the avitaminosis is more severe 
[Supforted by a grant from the Samuel S Pels 
fund ] 

Effect of level of thyroid activity on response 
of ovariectomized rats to estrone Wright Lang- 
HAii (by invitation) and R G Gustavson Umv 
of Colorado, Denver Daily subcutaneous injections 
of ovanectomized rats with 1, 2, and 3 7 of dl- 
thyroxin per gram of body weight for periods of 
3, 6, and 10 days greatly decreased their sensitivity 
to a constant dose of estrone Response was deter- 
mined by vaginal smears Weight loss and decreased 
sensitivity to estrone iiere approximate logarith- 
mic functions of the level and duration of thyroxin 
dosage Response returned to normal in 28 
days after thyroxin admimstration 
Thyroparathyroideotomy increased the sensitiv- 
ity of ovarieotonuzed rats to a constant dose of 
estrone , thirty-eight days after operation 76 per 
cent more ammals responded than among unop- 
erated controls The increased sensitivity a as 
partially corrected by 3 daily injections of 0 1 7 
of thyroxin per gram body weight The rat umt of 
estrone (amount reqmred to produce estrus in 50 
cent of a large group of ammals) was 0 86 7 for 
thyroparathyroidectomized castrates, 1 33 7 for 
control castrates and 2 50 7 for castrates rendered 
hyperthyroid by 6 daily injections of 2 7 of dl- 
thyroxin per gram body weight 
Ovanectonuzed rats rendered hypothyroid by 
continually adnumstering thiourea in dnnking 
water showed a marked immediate decrease in 
sensitivity to estrone followed by a gradual in- 
crease, becoming as sensitive after 56 days as 
thyroparathyroidectomized castrates 
Thiourea was acutely toxic to mature rats of 
Califorma and Yale strains but not to immature 
ammals Seventy per cent of mature ammals 
receiving 2 5 mg of thiourea orally or intraper- 
itoneally died aithin 24 hours Death resulted 
from suffocation, the plural cavity filling with 
fluid 

Partial purification of thymonucleodepoly- 
merase Michael Laskowski Dept of Biochemis- 
try, Marquette Univ Sehool of Medicine, Mil- 
loauhee With the aid of the recently described 
method for the determination of thymonucleode- 
poljmeraso (Arch Biochem 7, 465, 1945) partial 
purification of this enzyme a as achieved Fresh 


hog pancreas cooled to 0°C (or frozen pancreas) 
was blended mth an equal volume of 0 2 W H2SO1 
in the Warmng blender, and centrifuged The 
hqmd was collected, adjusted to pH 7, treated 
with Panther Creek bentomte (7 5 gm per each 
100 cc of flmd), and centnfuged The bqmd was 
collected, cooled to 0°C and treated with 2 vol- 
umes of cold methyl alcohol This precipitate could 
be preserved by drying, but in the process a loss 
of 50% of activity occurred The product is free 
from phosphatase, but contains some nbonu- 
cleinase If instead of drying, the precipitate ob- 
tained with methyl alcohol is taken up in borate 
buffer, it can be further purified by fractional 
precipitation with methyl alcohol at low tempera- 
ture The best preparation so far obtained had 100 
times higher potency per mg of protein than the 
original pancreas The enzyme is strongly in- 
hibited by NaCl in concentrations greater than 
0 5 molar Thymonucleodepolyunerase thus ob- 
tained converted most of the phosphorus of thy- 
monucleic acid to a form soluble in 7 6% 
trichloroacetic acid [Aided by a grant from the 
John and Mary R Markle Foundation ] 
Percutaneous penetration of mercury in the 
rat E P Laug, and (by invitation) E A Vos,E J, 
UMBERGEsandF M Kunze Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington, D C The quantity 
of mercury which penetrates the skin after a short 
exposure to various types of mercurial ointments 
may be so small as to escape detection in urine and 
blood However, the liver and kidneys, to the ex- 
clusion of all other tissues examined, show the 
property of concentrating or storing mercury, even 
when the amounts in blood are extremely mi- 
nute It has been found that the concentration 
of mercury in liver and kidneys, following cutane- 
ous inunction are a relative measure of the amounts 
which have penetrated the skin and entered the 
circulation On the basis of this finding, a number 
of factors have been examined which appear to 
influence the penetration of mercury through the 
skin from inuncted ointment (1) The type of 
mercury compound and its physical state of sub- 
division (2) The physical and chemical composi- 
tion of the vehicle (3) The physical and chemical 
treatment of the inuncted skin area 
Further studies on the r61e of biotin in mam- 
malian tissue metabolism Johanna M Lee (by 
invitation), William H Summerson and Vincent 
duVigneaud Dept of Biochemistry, Cornell Umv 
Medical College, New York The finding that biotin 
IS concerned in the aerobic utilization of lactate by 
surviving rat hver tissue (Summerson, Lee and 
Partridge, Science, 100 250, 1944) has been con- 
firmed and amplified by further study Studies on 
hver sbces from biotin-deficient rats in the pres- 
ence of a variety of substrates have failed to indi- 
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catc that biotin influences the nictnboliBm of sub- 
Blnnccs other than Inctatc Tlic effect of added 
biotin in increasing tlic rale of iitiliriition of lactate 
by biotm-dcficicnt liver slices is abolished by 
poisoning with arsenite, which complctolj inhibits 
lactate utiliration by Incr slices 

Studies on the dchjdrogenasc aclivitj of Iner 
homogenates from normal rats have shown that an 
inhibition of 50 per cent or more in the rate of 
hydrogen transfer is obtained in the presence of 
small amounts of avidin, a protein which combines 
specifically with biotin This inhibition is com- 
pletely reversed bj' an excess of added biotin 
These findings indicate a possible r6Ic of biotin in 
hj'drogcn transport, our present ciidcncc indi- 
cates that a lactic dehydrogenase 18 pobablj con- 
cerned 

Histamine oxidase L F Leloir (by in\ Ration) 
and D E Green Dcpls of Medicine and Bio- 
chemistry, College of Physicians and Surgeons, 
Columbia Univ Histamine oxidase of pig kidney 
has been purified by acetone precipitation of the 
minced tissue, fractionation with ammonium sul- 
fate, adsorption on tricalcium phosphate and 
alumina cy, isoelectric precipitation and finally 
electrophoretic separation The final product ap- 
pears to be a colorless protein The claim by Zeller* 
that the enzyme is a flavoprotcin is thus not sub- 
stantiated There was no evidence of a dissociable 
prosthetic group under the conditions of the iso- 
lation procedure The most purified and presum- 
ably homogenous product obtained by electro- 
phoretic separation cataly'sed the oxidation of a 
whole series of aliphatic and aromatic diamines in 
addition to histamine whence it may be concluded 
that histamine oxidase is identical with the so- 
called diamine oxidase 

Zinc IS present in the enzyme at all stages of 
purification but since the concentration of zinc 
per umt of enzyme activity declines progressively 
during the purification, there is no evidence that 
zinc IS present other than as an impurity in the 
final product No sigmficant amounts of iron, 
manganese or copper were found The available 
evidence suggests that the prosthetic group of 
histamine oxidase is not identical w ith any hitherto 
described [Supported by a grant from the John and 
Mary Markle Foundation ] 

lodination of tyrosine groups in “Eegenerated” 
serum albumin Choh Hao Li Inst of Experi- 
mental Biology, Univ of California, Berkeley 
From the rate of iodine up-take in human serum 
albuimn and pepsin (J A C S 67 1065, 1945) the 
behavior of tyrosine groups in these native proteins 
was shown to differ from that found in denatured 
state Further data on the lodination rate of the 

1 Zeller, E A , Stem, K , and Went, M„ Helv Chem Aotn 
23 3 (1940) 


"regenerated” scrum albumin have been obtained 
and arc reported herein 

When a two per cent human scrum albumin 
solution in 7 1 la urea (jiII 7 0 phosphate buffer) 
stood at 25®C for 24 hours, the protein recovered 
after the removal of urea by dialysis was assumed 
to be "regenerated” according to Ncurath, Cooper 
and Erickson (J Biol Chem 142 249, 1912) In 
pll 5 70 acetate buffer, both the rate of iodine 
decrease and the extent of iodine up-take in "re 
generated” albumin solutions were identical with 
that found in the native protein, i c only 50 per 
cent of the phenolic group in the “regenerated” 
scrum albumin were available for lodination 

If the phenolic groups in the extended form of 
the denatured protein return to a somewhat dif- 
ferent arrangement in the condensed configuration 
after the removal of the denaturing agent, a differ- 
ent lodination rate might occur in the "regen 
crated” albumin Since the same rate of lodination 
was observed in the "regenerated” protein, it is 
evident that either the phenolic groups resume 
their former specific relative positions characteriz- 
ing the native state or at any rate stcric arrange- 
ment permits the same lodination kinetics ns in the 
native molecule 

Sulfur amino acids in growth and adrenocorti- 
cotrophic hormones Cuou Hao Li Inst of Ex- 
perimental Biology, Univ of California, Berkeley 
Growth and adrenocorticotrophic hormones were 
isolated from ox and sheep pituitaries respectively 
by the procedures previously described (J Biol 
Chem 149 413,1943,159 353,1945) The colon- 
metric method of McCarthy and Sullivan (J Biol 
Chem 141 871, 1941) was used for the determina- 
tion of methiomnc, while the cystine content was 
obtained by the method of Sullivan, Hess and 
Howard (J Biol Chem 145 621, 1942) The pro- 
tein hormone samples were digested with 6 m H 
at 115 °C for a period from 11 to 40 hours T e 
digested mixtures were decolorized with charcoa 
(Norit), filtered and diluted to proper concentra- 
tions The Cenco photelometer was employe or 
color comparisons , 

From nine determinations on four samples o 
growth hormone, average values of 3 06 ± 0 OS per 
cent methiomne and 2 25 ± 0 05 per cent cys mo 
were obtained, the total sulfur content m 
hormone as computed from these values is oun 
to be 1 25 per cent „ . 

Adrenocorticotrophic hormone contains 1 
0 02 per cent methiomne and 7 19 ± 0 14 per een 
cystine from ten determinations on three horino 
samples The computed sulfur content m a reno 
corticotrophic hormone amounts to 2 32 per ce 

It may be recalled that the sulfur conten 
growth and adrenocorticotrophic hormones as 
ternuned by the Carius method as previous 
ported, is 1 30 and 2 30 per cent respectively 
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that both hormones contain no cysteine Thus, 
mthin the limits of experimental error, the methi- 
onine and C3stine content accounts for the total 
sulfur m the growth and adrenocorticotrophic 
hormones 

Specificity of pectinesterase or higher plants 
Hans Lineweax eb, and (by invitation) Eugene 
F Jansen, L R IMacDonnell and Rosie Jang 
TT'^estern Regional Research Ldby , U S D A , 
Albany, Caltf Extension of the work of other 
investigators on the specificity of pectinesterase 
indicates that only esters of polygalacturomc acids 
are hydrolyzed rapidly by pectinesterase Ethyl 
and methyl polygalacturomdes, prepared (with 
some degradation) by refiuxing pectic acid in 
acidified alcohol, were hydrolyzed by purified 
orange-flavedo pectinesterase at about 6 and 60 
per cent, respectively, of the rate at which this 
enzyme hydrolyzed pectin The methyl esters of 
a polymannuromde (algimc acid) and of the two 
monomers (methyl-D galacturonate and methyl- 
Q-methyl-D galacturonate) were hydrolyzed at 
less than 0 02 per cent of the rate of pectin hydroly- 
sis Of some twenty non-uromde esters tested (in- 
cluding glycerides) none nas hydrolyzed by crude 
orange pectinesterase at more than 2 to 3 per cent 
of the rate of pectin hydrolysis Some if not all of 
this activity was due to enzymes other than pec- 
tinesterase as shown by tests with purified orange 
pectinesterase and with unpunfied tomato pec- 
tinesterase Pectinesterase, therefore, appears to 
be highly specific quantitatively (and perhaps 
qualitatively) for polygalacturomde esters (de- 
rivatives of pectin substances) , in contrast with the 
view of those investigators who have considered 
pectinesterase to be not especially specific 
The reaction mixture consisted of 0 5 per cent 
substrate, 0 15 M salt, and enzyme The mimmum 
detectable activity ■na80 02percentof the activity 
on pectin The rates at which it was necessary to 
add 0 02 N alkali to maintain pH 6 8 in the un- 
buffered reaction mixture was the measure of ac- 
tivitj For substrates tested at pH 4 5 the activi- 
ties, if detectable, were less than at pH 6 8 
Report on a coenzyme for acetylation Fritz 
Lipmann and Nathan O ICaplan (by invitation) 
Biochemical Research Laby , Massachusetls Gen- 
eral Hospital, Boston The enzymatic condensation 
of acetate and sulfamlamide with adenylpyrophos- 
phate as condensing agent is due to a dissociable 
coenzyme enzyme system The apoenzyune is pre- 
pared by autoljsis or dialysis of pigeon fixer ex- 
tracts , dialj zed solutions also require an SH com- 
pound in addition to the coenzy-me for activity 
The coenzyme is present in high concentration in 
liver, brainand pigeon breast muscle , some is found 
in kidney, spleen, pancreas and in red blood cells, 
little, if any , is present in rabbit muscle or yeast 
So far the coenzy me has not been identified, wholly 


or partially, xnth any knoxvn compound , coenzyme 
land II, cocarboxylase, pyndoxal phosphate, folic 
acid conjugate and other substances xiere tried 
xvithout effect Complete decoloration by extrac- 
tion xinth phenol excludes the possibility of a flavin 
derivative The coenzyme-factor is destroyed by an 
enzyme present in liver extracts, by highly purified 
intestinal phosphatase, by relatively mild treat- 
ment xxnth acid and alkali, by hydrogen peroxide 
Its Hg, Pb and Ag salts are poorly soluble in acetic 
acid The Ba salt is soluble in xxater and insoluble 
in 70 per cent alcohol Purified preparations were 
obtained by fractionation of boiled pork liver ex- 
tract Our best preparations are 70 times more ac- 
tive per dry x\ eight than the original boiled liver 
We estimate that these preparations contain from 
2 to 5 per cent pure compound There are indica- 
tions that the same coenzyme is concerned xnth 

(a) phosphorylation of acetate in pigeon liver and 

(b) xnth acetylation of choline in brain [Supported 
by a grant from the Commonwealth Fund ] 

Mechanism of the enzymatic synthesis of acetyl- 
choline Morris A Lipton (introduced by E S 
Guzman Barron) Nachmanson and Machado* 
found that extracts from acetone dned preparations 
of brain can anaerobically synthesize acetylcholine 
(ACh) in the presence of adenosinetriphosphate 
(ATP), choline and certain substrates (glutamate, 
cysteine, citrate) It has been found that xxater 
clear extracts obtained after high speed centrifuga- 
tion can also synthesize ACh After dialysis no 
synthesis occurs unless the folloxxing are added 
ATP, choline, potassium, certain thermostable 
substances (x) present in boiled extracts of yeast, 
kidney or brain, and suitable acetyl donors (citrate, 
isocitrate, acetoacetate) Boiled extract cannot be 
substituted for by mix-tures of Mn, Mg, diphospho- 
thiamine, diphosphopy ndine nucleotide, hexo- 
sediphosphate, and guamne Acetate and glutamate 
have little activity as acety 1 donors Malonate and 
fluoroacetate do not inhibit the synthesis Syn- 
thesis IS increased on addition of semicarbazide 
xxith citrate as acetyl donor In the presence of 
citrate equimolecular amounts of a keto acid (pre- 
sumably oxaloacetic acid) and acetylcholine are 
formed The folloxxing reactions presumably occur 
in these extracts 

1 Citrate cisacomtate ;=i isocitrate 

2 Isocitrate oxaloacetate -J- acetate (active) 

3 Acetate (active) -f chohne -f x— ►acetylcholine 
With acetoacetate, reactions (1) and (2) are dis- 
pensed xnth The reversibility of these reactions 
probably ex-plains the inhibiting effect of a keto 
acids 

Lipotropic factors Colin C Lucas (by invita- 
tion), C H Best, Jessie H Ridout (by invita- 

• Nsclimanson D and Machado A L J Ncurophysiol 
6 397(1913) 
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tion) and Jean M PATrrnsoN (bj invitation) 
Banting and Best Dept of i^fcdical Hcscarch, 
Umv of Toronto A rc-invcsligation of the activ- 
ities of the various lipotropic factors has been 
initiated Quantitative data have been olitaiiicd 
by fractionation of the total liver lipids The in- 
fluence of the following factors is being 833- 
tcmatically studied in the white rat (a) the age of 
the animal, (b) the nature and amount of protein, 
the total labile methyl 8uppl3 , and the organic 
sulphur content of the basal diet, (c) the presence 
of antilipotropic substances in the diet, (d) the 
food intake and (c) the possible B3 ncrgistic cflccts 
of the various lipotropic agents Ascricsof titration 
curves illustrating the lipotropic effects of choline 
and inositol alone and in combination will be 
presented Some prchmttmry observations on the 
influence of cholesterol, biotin, and a liver fraction 
upon these results will be reported 

Protein fractionation studies on the sera of 
control and injured dogs Stephan Ludlwio, 
Erland C Gjessing (bj invitation) and Altred 
Chanutin Biochemical Laby , Umv of Virginia 
The proteins of the sera of dogs were fractionated 
by the alcohol procedures used at the Ph3sical 
Chemistry Laboratories of the Harvard Medical 
School 

The serum of normal dogs is separated into 4 
mam fractions The distribution of the proteins 
in dog serum is different from that observed m 
human serum treated by the same methods Special 
procedures have been developed for subfractionat- 
ing the fractions rich in alpha globulin 

The serum of dogs subcutaneously injected wnth 
turpentine has been fractionated into G mam frac- 
tions The 2 extra fractions are chiefly made up of 
alpha globulins Fraction IV w’hich contains most 
of the alpha globuhn was subfractionated and 
yielded a number of fractions some of w’hich were 
almost pure alpha globulin One of these sub- 
fractions was water soluble and on analysis con- 
tained approximately 70 per cent of total lipid, 
which was chiefly cholesterol esters, free cho- 
lesterol and phospholipids The per cent of free 
cholesterol was 33% of the total cholesterol This 
material was precipitated from a salt-free aqueous 
solution by adjusting the pH to 5 8 

Other alpha globulin fractions, which were water 
soluble, contained smaller amounts of cholesterol 
and phospholipid 

All fractions have been characterized by electro- 
phoretic mobilities, mtrogen, total lipid, free and 
ester cholesterol and phospholipid concentrations 

Composition of specific precipitates from anti- 
tobacco-mosaic-sera Saul Malkiel (intro- 
duced by W M Stanley) Rockefeller Inst for 
Medical Research, Princeton, N J The quantita- 
tive behavior of viral-anti-viral systems has been 
hut httle investigated partly because of the lack of 


purified and cliomically characterized antigens 
Tobacco mosaic virus, which is available in a highly 
pun fled form, is an extremely strong antigen 
The anil sera prepared were of high titer for, at 
the point of optimal proportions, 0 007 cc of a 
given rabbit anti scrum was found to be equivalent 
to 1 ing of tobacco mosaic virus when titrated by 
the method of Dean and Webb The zone of optimal 
proportions did not coincide with the equivalence 
zone but was found to be in the region of excess 
antigen Anti sera m the horse and rabbit were 
prepared and these S3 stems studied The quantita- 
(ive relationships of the specific precipitates were 
established 1)3 a determination of the antibody and 
antigen content Since this antigen contains a 
know n amount of phosphorous the antigen content 
was estimated by means of phosphorous deter 
minations Electron micrographs prepared by the 
gold plating technic of complexes of known anti- 
bod3 -antigen composition were presented In 
gcnornl, for the S3 stem studied, viral complexes 
were similar to those of lower molecular weight 
soluble proteins 

Metabolism of dchjdroisoandrostcrone Hab 
OLD L Mason and Edward J Kepler (by in 
vitation) Dept of Biochemistry, Mayo Founda- 
tion, and Division of Medicine, Mayo Clinic, 
Rochester, Minnesota Our studj of the metabolism 
of dchydroisoandrostcrone has been continued by 
administration of dch3 droisoandrosterone acetate 
to one woman (case 2) and one man (case 3) having 
Addison’s disease In our first study (J Biol 
Chem IGO 255, 1945) the subject (case 1) was a 
man who had pituitary insufficiency In this case 
unchanged dehydroisoandrosterone, androsterone, 
etiocholan-3(a)-ol-17-one and A‘-androstene-3(a)j 
17(a)-diol were isolated from the urine Similar 
results were obtained wnth cases 2 and 3 except 
that dehydroisoandrosterone could not be isolate 
in either case Determination of the p alcoho ic 
17-ketosteroidB in the ketomc fraction revea e 
none in case 2 and 13 per cent of the total m case 
A trace of A^-androstene-3(a),16il7-triol was iso 
lated in case 2 and also a nonketomc compoun > 
Ci,H, 20, (T ), previously isolated from the ^ne 
of several cases of adrenal tumor (Mason an ® 
ler,J Biol Chem IGl 235,1945) In cases lano 
almost twice as much androsterone as etioc 0 a 
3(a)-ol-17-one was isolated, whereas in ^ 

amount of androsterone was only a four 
amount of etiocholanolone These results m ' 
that dehydroisoandrosterone is not an end pro 
of steroid metabolism but can be almost comp e 
transformed to unrecogmzed products an 
androsterone and etiocholanolone, whic 
chief ketomc steroids that have been ® nnqsi- 
normal urine The results also suggest c 

bihty that dehydroisoandrosterone may be a p - 

mary product of the adrenal cortex from w > 
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the females, the urinary androsterone and etio- 
cholanolone are derived 

An enzyme m the animal organism capable of 
hydrolyzing diisopropyl fiuorophosphale Abba,- 
HAii Mazub Biochemistry Section, Medical Divi- 
sion, Chemical Warfare Service, Edgewood Arsenal, 
Md Extracts of rabbit, monkey and human liver, 
kidney and plasma were found to contain a factor 
capable of greatly accelerating the hydrolysis of 
diisopropyl fiuorophosphate, to form F“ and di- 
iBopropyl phosphoric acid The hydrolysis products 
were unable to inhibit chohnesterase activity 

It was shown that the liver plays a rdle in the 
in VIVO destruction of diisopropyl fluorophosphate 
Eviscerated rabbits, whose livers were effectually 
removed from the general circulation, responded 
to injected diisopropyl fiuorophosphate with a more 
marked lowering of the red cell and brain chohn- 
esterase activities than did non eviscerated rabbits 
receiving the same dose of diisopropyl fluorophos- 
phate 

The factor present in liver, kidney and plasma 
was shown to be enzymic in nature, e g sensitive 
to moderately high temperatures and acid pH, 
non dialysable and inhibited by low concentrations 
of Hg'*^, Cu'^ and iodine The enzyme activity was 
proportional to its concentration in solution over a 
20 fold range of dilution The enzyme from rabbit 
kidneys was concentrated 13 times on the basis of 
its mtrogen content Prolonged dialj sis resulted in 
a partial loss of activity which could be restored 
almost completely by Ca++ or Mg++ lodoacetate 
caused some inhibition but lodosobenzoate, F”, 
Fe+++, arsemte and cysteine did not inhibit the 
enzyme The enzyme activity is not related to 
phosphatase, chohnesterase or esterase activity 

The fate of diisopropyl fluorophosphate in the 
ammal orgamsm is a resultant of the irreversible 
inactivation of plasma, red cell and tissue cholin- 
esterases and the detoxification of the fluorophos- 
phate, especially in the hver 

Effects of acid beverages containing fluoride 
on the teeth and bones of dogs C M McCxYand 
(by invitation) J S Restabski, J G Biebi, and 
Ross A Gobtneb, Jb Naval Medical Research 
Inst , Bethesda, Md The effects of consuming 500 
ml daily of a cola-type beverage (pH 2 6), with 
or without added fluorine, have been studied vsith 
ai\ htter-mate puppies Two ammals served as con- 
trols, one receiving water, the other sucrose solu- 
tion, two were given a sucrose phosphoric acid 
(0 055 per cent) solution, the others received the 
sucrose acid solution contaimng 1 or 20 ppm 
fluorine (as NaF) As the deciduous teeth loosened 
thej were extracted , the permanent teeth were 
studied when the dogs were sacnficed after 127 
dajs 

Both dogs receiving the acid beverage without 
fluorine showed sufficient etching of the enamel to 


produce defimte ridging at the gingival margin 
The effect was most prominent on the labial sur- 
faces of the antenor teeth and hngual surfaces of 
the posteriors Generally, the lower teeth were 
more affected than the uppers 

Sodium fluoride defimtely reduced acid decalcifi- 
cation, but all teeth showed the high pohsh char- 
acteristic of mild acid attack The higher fluorine 
level (20 ppm ) was more effective Areas of ap- 
parently abnormal bone porosity were noted on the 
mandible of the dog receiving 20 ppm F 

Fluorine analyses of various tissues disclosed 
apparent differences only in the bones Whereas 
the two control dogs and those receiving the 
sucrose acid solution had bone fluorine levels of 
132-148 ppm , those dnnking solutions with 1 and 
20 ppm fluorine had, respectively, bone levels of 
192 and 298 ppm F The livers of all dogs contained 

0 1-0 3 ppm F and the muscles contained 0 6- 

1 1 ppm F 

Lysozyme as a Mucolytic Enzyme ‘ICaelMbteb 
and Eleanob Hahnel (by invitation) Dept of 
Ophthalmology, College of Physicians and Surgeons, 
Columbia Vniv , and Institute of Ophthalmology, 
Presbyterian Hospital, New York The mechamsm 
by which lysozyme lyses susceptible microorgan- 
isms was explained as a hydrolysis or depolymenza- 
tion of a substance of mucoid nature contained in 
the bacterial membrane ® This substrate has now 
been isolated in its high polymer form 

A rapid and accurate assay method for lysozyme 
activity has been developed, based on the de- 
polymenzation of the substrate as measured vis- 
cosimetncally In this method the viscosity of a 
solution (5 cc ) contaimng 20 mg substrate is re- 
duced to half by 0 7 gamma of pure lysozyme in 10 
minutes at 37 °C and pH 5 3 This reaction re- 
qmres Cl”, whereas the hydrolytic reaction meas- 
ured by the increase in reducing power does not 
seem to reqmre a halogen The same difference has 
been found with another mucolytic enzyme, hyal- 
uromdase By this test tears contain 500 times 
more Ij sozjmie than sahva 

In the course of these studies lysozyme like 
enzymes were found in two plant proteases, papain 
and especially ficin A techmcal sample of ficin 
contained the equivalent of 25% of the crystalhne 
lysozyme of eggwhite The plant lysozyme resem- 
bles the eggwhite and mammalian enzyme in that it 
Ijses the same susceptible orgamsms, depolj- 
menzes the mucopoljsacohandes of these organ- 
isms, and hydrolyzes the glucosidic linkages, half 
of which can be measured as acetjlhexosamine A 
partial separation from the proteolytic enzjTnes 
has been achieved by electrophoresis and chemical 

1 Supported by Josiah Macy Jr Foundation 

>Mcjer K.etaL.J BioLChem US «9 (1936) 
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mctlioclB Tlic ficin cn7ymc is a less basic protein 
than cggwhitc Ijsozymo 

EfTccts of a single massh c dose of a itnmin D- on 
joung dogs Agnhs Fai Moiioan, IIjlin E 
Axelhod (by invitation) and Maui GnooDi (bj 
invitation) Lahy of Home Econoimct, Umv of 
Cabforma, Berkeley In an effort to examine fur- 
ther the effects of massive dose antirachitic prac- 
tice, eight young dogs of tvo litters, 4 to 6 weeks 
old, were given a single dose of irradiated ergos- 
tcrol, 314,000 to 530,000 I U vitamin D per Kg 
Within two weeks three were dead and a fourth 
w'as moribund in five weeks Alt cxliibited the 
usual symptoms of overdosage, anorexia, poljuria, 
bloody diarrhea, excessive thirst and prostration 

The three surviving dogs were observed for 211 
days The scrum Ca remained elcxated for six 
months and Ca P retention was marked On 
autopsy, extensive calcification of the lungs and 
moderate calcification in the hearts and kidncjs 
was found in all the dogs, but the excess deposits 
were most striking in the dogs which succumbed 
or were sacrificed soon after the medication Some 
decal cification of the soft tissues took place during 
the recovery period in the three survivors The 
most striking abnormalities were found in the teeth 
and jaws Malocclusion, pitting, irregular placing 
and poor development were seen mall the dogs and 
these conditions were not appreciably improved 
during the eight months’ recuperative period 

Supplementation of casein and a casein hydrol- 
ysate with cystine and methionine AnTiiun J 
Mueller (by invitation), Warren M Cox, Jr 
and Dorothy Sloat (by invitation) Mead John- 
son & Company, Evansville Twenty groups of 10 
rats have been fed a purified diet containing 1 2% 
of mtrogen as the only source of protein Compari- 
son of total gam m weight and gam in relation to 
nitrogen intake when casein, lactalbumm, and 
casein hydrolysate (Amigen) alone and after sup- 
plementation with various levels of methionine 
and cystine has been made Lactalbumm promoted 
greater gam m total weight and per gram nitrogen 
ingested than casein or Amigen, but the substitu- 
tion of li-2l% of methiomne or cystine nitrogen 
for a portion of the total mtrogen gave results 
equal to those observed with lactalbumm Higher 
intake levels gave progressively poorer grow th 

When administered orally, subcutaneously and 
intravenously to dogs, the supplementation of 
Amigen wuth methiomne resulted in improved 
mtrogen retention 

Colorimetric method for the determination of 
lysine John A Nelson (by invitation), Wiluam 
D McFarlane and Marcel Boulet (by invita- 
tion) Dept of Chemistry, Faculty of Agriculture, 
McGill Umv , Quebec A solution of brominated 
lysine develops a blue color when heated with 
phosphomolybdic-phosphotungstic acid This color 


reaction, which will detect lysine at a concentra- 
tion of 1 p p m , has been made llie basis of a sensi- 
tive and rapid rolonmctric method for the de- 
termination of IjBino 

Lj sine and arginine arc quantitatnclj scjiaratcd 
from the other ammo acids in a protein hydrolysate 
by adsorption on sodium dccnlso and the lysine 
content of the cluatc is determined in the presence 
of arginine (which docs not give the color reaction) 
by applying the color reaction after bromination 

Satisfactory rccox cries of added ly sine have been 
obtained from mixtures of amino acids and from a 
gelatin hydrolyaatc The lysine content of several 
proteins has been determined and the results 
compared with those m the literature In general 
the \aluos obtained by the colorimetric method are 
intermediate between those obtained by isolation 
procedures and those by microbiological methods 

Enzymatic formation of €< tricarboxylic acids 
by COi fixation Sfx fro Ochoa Dept of Chemis- 
try, New York University College of Medicine, New 
Yorl It has previously been reported (Ochoa, J 
Biol Chem 159 213, 1945) that the formation of 
lEocitnc acid from a-kctoglutaric acid and COt in 
the presence of oxnlosuccmic carboxylase, man- 
ganese ions, lEOcitnc dehydrogenase, and reduced 
Iriphosphopy ridine nucleotide, can be increased 
by a coenzy me-lmkcd dismutation with the glu- 
cose C phosphate dehydrogenas system of War- 
burg and Christian The isocitnc acid formed in 
such a sy stem has since been isolated as the barium 
salt and identified both by the action of isocitnc 
dehydrogenase and by its conversion to citric acid 
by aconitasc W’hen the latter enzyme is also added 
to the above dismutation mixture the equihbnum 
18 further shifted m favor of COj fixation and large 
amounts of citric acid are formed Under these 
conditions the over-all reaction Glucose C phos- 
phate -b a-ketoglutarate -f CO* = 6-phosphoglu 
conate -f citrate, has been followed by chemica 
estimation of the disappearance of both glucose 
phosphate and a-ketoglutarate, and of the forma- 
tion of citrate The reaction can also be follow e 
manometrically through the liberation of COi from 
bicarbonate by the phosphoglucomc acid forme , 
since the disappearance of CO- by fixation is 
anced by the formation of a carboxyl group o 
tricarboxylic acid , 

I am indebted to Dr Erna Weisz-Tabori . 
assistance in this w'ork, and to Dr Erwin ^ ° 
a generous supply of glucose-6-phosphate de y 
genase [Aided by grants from the Roc cfc 
Foundation, The Penrose Fund of the 
Philosophical Society, The Williams Y olerm 
Fund of Research Corporation, and Hoffmann 
Roche, Inc ] 

Storage of vitamin A as influenced by comp 
tion of the diet Elsa Orent-Keiles and 
BETH C Callison (by invitation) Bureau 
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Hitman Nnlnlton and Home Economics, U S D A 
BcUsvtUe, Md As part of an investigation on the 
supplementary relationships among foods, a study 
was made of the vitamin A stores iP the livers of 
animals receiving basal diets consisting of rela- 
tively large amounts of w bite or w hole w heat bread 
together w ith cooked potatoes, kale, carrots, hydro- 
genated vegetable fatand sodium chloride Vitamin 
D was pronded in the form of viosterol In parallel, 
modification of these two diets were fed in which 
part of the bread was replaced by oatmeal, navy 
beans, or skimmed milk, in amounts furnishing 
about the same quantity of protein 

The amount of carotene in the experimental diets 
furmshed by the kale and carrots provided several 
times the mimmal requirement of vitamin A for 
the rat as established by Goss and Gilbert (J 
Nutr 18 169,1939) 

Young piebald rats of known nutritional history 
from the same stock, weighing between 40-50 grams, 
were placed immediately after w eamng (21-28 days 
of age) on the experimental diets which were fed 
ad hb The ammals w ere housed in individual cages 
without bedding and with raised bottoms of wire 
screen to prevent access to excreta The livers of 
the mature rats fed these diets for over 200 days 
were analyzed for vitamin A content by the Carr- 
Price method, using the Evelyn photoelectric 
colorimeter 

The results showed that although the diets are 
similar in vitamin A value the liver reserves of 
vitamin A in these rats differed markedly with the 
composition of the diet Studies are m progress to 
determine the factor or factors causing these 
differences 

A study of the composition of cardiolipin Mary 
C Pangborn Division of Labys end Research, 
New York Slate Dept of Health, Albany, N Y 
When cardiolipin is sapomfied with KOH in abso- 
lute alcohol at room temperature, a precipitate 
(Fraction K-1) separates, this consists of water- 
snlnhle tC salts and conts-ins about 90 per cent of 
the total phosphorus After the alcoholic soap 
solution IS concentrated, diluted wuth H.O, acidi- 
fied, and extracted with petroleum ether for isola- 
tion of the fattj acids, the remaimdg 10 per cent 
of the phosphorus is found in the acid aqueous 
solution, largely as glycerophosphoric acid 

The fatty acids represent about 74 per cent of 
the original weight No saturated acids are found 
Hydrogenation yields stearic acid The iodine 
number of 163 indicates a mixture of linoleic and 
oleic acids , no evidence of the presence of linoIeic 
acid IS obtained on bromination 
The precipitate K-1 yields two orgamc phos- 
phoric acids, separable in the form of their Ba and 
Ca salts The free acids are very easily hydrolyzed 
by diluted HCl or H SO», the only hydrolysis 
products so far identified are gly ccrol and gly cero 


phosphoric acid Cardiolipin is therefore p phos- 
phatidic acid in which glycerophosphonc acid is 
replaced by a complex glyceryl-glycerophosphate 
ester 

The effect of CCL poisoning on the fate of N' 
methylnicotinamide in the rat W A Perlzweig, 
J W Huff (by invitation) and F Rosen (by in- 
vitation) Duke Untv Medical School, Durham 
It was previously shown (J Biol Chem , 150 401, 
1943) that rat liver slices methylate nicotinanude 
to N'raethylmcotinamide and that both man and 
rat “destroy” it further to unknown products 
(J Biol Chem , IGl 417, 1945) In an attempt to 
study the r61e of the liver in this process, 100 mg 
of N'methylmcotinamide was admimstered orally 
to rats before and after acute poisomng with CCL 
(0 25 ml subcutaneously for 2 days) and also 7 
day s later on recovery (as judged by food intake 
and gain in weight) The 48 hour excretion of Fj 
in the urine of each rat is shown in the following 
table 


48 hour excretion of N methylnteoUnamide 


Rat 

Control mg 

2nd day of 
cell mg 

7 da> s later 
mg 

1 

32 1 

43 6 

33 1 

2 

29 7 

42 3 

23 4 

3 

21 6 

37 1 

22 5 

4 

25 2 

33 9 

1 23 1 

e 

30 3 

43 9 

30 1 

Mean 

27 7 

41 4 

27 4 


It 18 apparent, therefore, that CCL poisomng, 
dimimshes the capacity of the ammal to destroy 
N'methylmcotinamide These results are surmized 
to be analogous to the increased excretion of N' 
methylmcotinamide after a test dose of mcotin- 
amide observed in patients wuth liver disease 
Fate of sodium ncinoleate after oral adminis- 
tration to white rats Elizabeth Pinkerton (by 
invitation) and E L MacQuiddy (by mutation), 
Kiv,vi wj MxhTWskw., Bchnwl oj hitAiwht, OmuKa, 
and Hartmann Goetze (by invitation) and Fred 
W Obebst Wm S Merrcll Co , Cincinnati Little 
IB known of the action of sodium ncinoleate in the 
intestinal tract when it is used in the treatment of 
certain chronic intestinal disorders Studies were 
carried out in which sodium ncinoleate was either 
fed in a diet (approximately 0 5 grams per day for 
2 months) or admimstered by stomach tube (400 
mgm ) to white rats, and the amounts absorbed 
from the gastro-intestinal tract or excreted in feces 
were determined Animal charcoal was adminis- 
tered with the sodium ncinoleate by stomach tube 
to some of the ammals to show the distance it had 
traveled dow n the intestinal tract at the time the 
ammals were killed The different groups of am- 
mals were killed J, 3, 6, 16, and 24 brs , respec- 
tively , after the dose 
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Fats and fatty acids wore extracted from gastro- 
intestinal contents and feces, iiliicli subsequently 
\\ ere separated into petroleum ether (40-00°) and 
ethyl ether fractions Acetyl numbers of the fattj 
acids of both fractions wore determined 
There Mas no evidence that any ricmoleic acid 
was excreted in the feces of these animals vlien it 
vas cither fed imUi the diet or administered by 
stomach tube Approximately 10% of a dose could 
be recovered from the gaslro-intcstinal tract 16 
hrs after its administration by stomach tube 
Sodium ncinolcate considcrablj retards the pas- 
sage of animal cliarcoal down the intestinal tract 
Effect of adrenal cortex extract on the licxo- 
kinase reaction Winston H PniCE (bj in\ Ra- 
tion), Milton W Slein (bj invitation), Sidmi 
P CoLoxvicK and Gi rtx T Com Washington 
Umv School of Medicine, St Louis In muscle 
extracts from rata made diabetic with alloxan, the 
hexokinase reaction exhibits a latent period xxliich 
is abolished by addition of insulin ‘ The latent 
period IS apparently due to the preponderance of 
an inhibitorj pituitarj' factor oxer insulin in such 
extracts, since a similar latent period, also released 
by added insulin, can be produced bj addition of 
anterior pituitary extract to muscle extracts from 
normal rats ‘Thisviexx is now supported bj studies 
of the effect of adrenal cortex extract (Upjohn) on 
the hexokinase reaction in muscle extracts from 
normal and diabetic rats 
Cortical extract alone has no effect on hexo- 
kinase in normal extracts, but greatly intensifies 
the inhibitory effect of added or previously in- 
jected anterior pituitary extract With extracts 
from diabetic rats, cortical extract alone often 
produces a marked and prolonged inhibition (30 to 
80% inhibition by 0 05 cc of Upjohn extract in 
2 5 cc of reaction mixture) This inhibition may 
be attributed to an intensification of the effect of 
a pituitary factor present in the diabetic muscle 
extracts 

Whenever inhibition by cortical extract is ob- 
served, insulin invariably releases the inhibition, 
about 50 y of insulin being required to counteract 
the effect of 0 1 cc of Upjohn extract 
The adrenal factor appears to be one of the as yet 
unknoxvn compounds in the amorphous fraction, 
since txvo different preparations^ of the latter had a 
marked inhibitory effect, while crystalline com- 
pounds’ A, B, and E had no effect 
Variables affecting the precision of assay of 
estrogens L I Pugsley Laby of Hygiene, Dept 
of National Health and Welfare, Ottawa, Canada 
The slope of the regression lines xvere calculated 
from the data obtained after subcutaneous and 
Oral admimstration of a number of estrogens shoxv- 

1 J Btol Chem 160 633, 1945 

» Kindly supplied by Dr Kendall and by Dr Kuizenga 
» Kindly suppbed by Dr Kendall 


ing that the subdixision of the doses, time of 
smearing and time of dosing were imjxirtant factors 
in determing the precision of the biological assay 
of these substances 

Influence of dccniciflcafion on the determina 
flon of prothrombin Auxiand J Quick Dept of 
Biochemistry Marquette Umv School of Medicine, 
Milwaukee All known conditions of hypopro 
thrombincmia arc due to a deficiency of com 
ponpnt B of the prothrombin complex A reduction 
of comjioncnt A has not been observed in vivo By 
increasing the relative concentration of compionent 
A in decalcified plasma, the prothrombin time can 
be definitely shortened (Am J Physiol 140 212, 
1913) and this may be erroneously interpreted as 
hy pcrprothrombinemia 

In the present study results have been obtained 
which indicate tliat component A is influenced by 
the decalcifying agent ns well as by its concentra 
tion When 0 volumes of blood arc nnxed xnth 1 
x'olumc of 0 1 M sodium oxalate, a plasma is ob- 
tained which has a prothrombin time that is the 
same ns that of unaltered plasma mixed directly 
with thromboplastin (For normal human plasma it 
IS 12 seconds ) When human blood is mixed xnth 
0 129 M sodium citrate in the ratio of 9 to 1, the 
plasma will liaxc a prothrombin time of lOi to 11 
seconds, and on standing 24 hours this may de 
crease to 9 seconds With higher concentrations of 
sodium citrate, a longer prothrombin time is ob 
tamed The prothrombin time increases slowly m 
stored plasma w hen the low concentration of sodium 
citrate (0 128 M) is employed, whereas the de- 
crease WTth a higher concentration (0 25 M) is 
much faster and is similar to that of oxalate 


plasma 

Apparently a close relationship exists between 
component A and calcium in the coagulation 
mechamsm , and the present findings further em 
phasize the imperativeness of a rigidly stan 
ardized procedure for the quantitative determina 


tion of prothrombin 

Reaction of thiol compounds with hydrogen 

oxide and peroxidase Loxvell O Randall ® 
Wellcome Research Labys , Tuckahoe, NY 
urea, thiouracil and other antithyroid compoun s 
do not inhibit peroxidase but, on the contrary^^'^ 
substrates for the hydrogen peroxide-pero^ 
system The apparent anti-peroxidase activi le®^^ 
thiol compounds, observed w’hen using me 
which depend upon the formation of a colore 9° 
plex, are due to three factors (1) the thio 
pounds are reducing agents capable of pg 

the formation of colored complexes or of re u 
them after they are formed, (2) they re uee 
hydrogen peroxide, thus removing it from s 
acting system, (3) they act as competing 
strates for the available peroxidase 

Hydrogen peroxide was determined m e 
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burg apparatus by measuring the oxygen liberated 
from hydrogen peroxide by catalase The activity 
of horse-radish peroxidase was measured mano- 
metrically by the rate of disappearance of hydrogen 
peroxide in the presence of various substrates 
Some thiol compounds were found to be oxidized 
at measurable rates by hydrogen peroxide and the 
rates were accelerated by peroxidase The oxida- 
tion of p aminobenzoic acid by the hydrogen 
peroxide-peroxidase system was inhibited by thiol 
compounds because they were competing sub- 
strates for the enzyme system The thiol com- 
pounds did not inhibit peroxidase These results 
were deduced from experiments applying the 
principles of Lineweaver and Burk (J Am Chem 
Soc 56 658,1934) 

The reducing power of the thiol compounds may 
be sigmficantly related to their antithyroid prop- 
erties 

Synthesis of cholesterol in liver slices D Rit- 
TENBERG, Ernest Borek (by invitation), and 
Konrad Bloch Dept of Biochemistry of the Col- 
lege of Physicians and Surgeons and the New York 
State Psychiatric Inst and Hospital, New York 
Previous studies have shown that hver slices 
utihze the carhon atoms of acetic acid for the 
synthesis of cholesterol With this techmque syn- 
thesis of cholesterol can be demonstrated in hver, 
but not in kidney, spleen, testes, heart or intestine 
These results suggest that the hver is the chief site 
of biological cholesterol synthesis In the intact 
ammal deuteno alamne acts as a source of acetyl 
group for the acetylation of phenylaminobutyric 
acid but does not give rise to deuteno cholesterol 
In accordance with this finding, hver slices do not 
utihze alamne for the synthesis of cholesterol The 
same is presumably true for pyruvic acid, which 
under these conditions is readily formed from 
alamne Incubation of hver slices with deuteno 
ethanol (CHD CH OH) yields cholesterol with 
high concentrations of deuterium The r61e of acetic 
acid, ethanol and acetaldehyde in the mechamsm 
of the synthesis of cholesterol will be discussed 

Distribution of ascorbic acid in blood Joseph 
H Roe, Carl A Kuether, and Ruth G Zimler 
(by invitation) School of Medicine, George Wash- 
ington Univ ,Washington,D C The ascorbic acid 
content of the whole blood and the plasma has been 
determined in 52 gmnea pigs, in 50 healthy fasting 
human subjects, and in 50 hospitalized fasting 
patients In the gmnea pigs and the healthy human 
subjects the ratio of the level of ascorbic acid in 
the plasma to that in the whole blood followed a 
characteristic pattern At whole blood levels below 
0 6 mg per 100 ml the plasma concentration was 
observed to be lower than the whole blood concen- 
tration, at whole blood levels of 0 6 to 0 9 mg per 
100 ml the plasma content was found to be equal 
to, or slightly higher or low er than, the whole blood 


content, the variations being about the same in 
each direction, at whole blood levels above 0 9 mg 
per 100 ml the plasma concentration was consis- 
tently higher than the whole blood concentration 
In the patients the plasma level was lower than 
the whole blood level in all cases These data 
appear to show (1 ) plasma ascorbic acid is more la- 
bile than whole ascorbic blood acid , (2) in healthy 
subjects with whole blood levels of ascorbic acid 
below 0 6 mg per 100 ml there is a negative balance 
between intake and bodily needs for ascorbic acid, 
(3) an adequate whole blood level of ascorbic acid 
IB a value above approximately 0 6 mg per 100 ml 
and an adequate intake of ascorbic acid for healthy 
subjects would be an amount that will maintain the 
whole blood level above this concentration 

Concentration and properties of a chick growth 
factor occurring in cow manure Max Rtibin and 
H R Bird (introduced by N R Ellis) Agricul- 
tural Research Center, Beltsinlle, Md Evidence has 
been obtained to show that there is a new umdenti- 
fied factor present in cow manure, which stimulates 
the growth of chicks fed a diet of yellow corn, soy- 
bean meal, alfalfa meal and mineral and vitamin 
supplements The factor is not identical with the 
L casei factors (from liver, yeast or fermentation 
residues), factors U, R, S, vitaimns Bjo or Bu, 
synthetic fohc acid (Lederle), or pyraoin lactone 

A method has been devised for extracting the 
growth substance from cow manure and a procedure 
developed for concentrating it Optimum growth 
has been obtained by feeding as little as 4-7 mg of 
the concentrate per 100 grams of diet The growth 
factor as it is present in cow manure is moderately 
soluble in water, 50% ethyl alcohol and 95% ethyl 
alcohol , it IB insoluble in chloroform and ether The 
factor after extraction is stable to heat in the dry 
state at 100 °C for 1 hour and autoclaving in solu- 
tion for 15 minutes It will not dialyze through 
cellophane and is precipitated from solution at pH 
30 

The factor can be transmitted from the hen 
through the egg to the chick 

Effects of chronic intoxication of rats with DDT 
on lipids and other constituents of liver Herbert 
P Sarett and Bernard J Jandorf (Introduced 
by Oscar Bodansky ) Chemical Warfare service, 
Edgewood Arsenal, Md Adult rats (13) which re- 
ceived 50 mg of DDT per kg in oil daily for 30 to 
100 days showed a statistically sigmficant increase 
in the concentration of hi er hpids (19 2 per cent 
of hver dry weight) when compared to 14 controls 
which received eqmvalent amounts of the oil 
alone (14 7 per cent) Further studies with 150-180 
grams rats receiving 0 07 per cent DDT (Group B) 
or 0 07 per cent DDT and 0 2 per cent choline 
hydrochloride (Group C) incorjxirated into a 
ground stock diet and fed ad hb for 36 to 40 days, 
showed similar changes During the experimental 
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period 2 of Uic IG rats in group B nnd G of the IG in 
group C died No niortiilitj occurred in tlie 12 rnto 
of control group (A) Tlio livers of ruts llinl re- 
ceived DDT weighed about <10 per cent more than 
those of group A Tlie per cent of water and of 
glycogen was the same for all three groups The 
total lipids comprised 1 1 8 per cent of the dry 
weight of the luersof group A, compared to 18 6 
and 18 4 per cent for groups B and C, rcspcctnely 
The proiiortion of phosiiholipids (measured hj' 
phosphorus content) to total lipids was the same 
in all of the groups, while the proportion of total 
cholesterol to total lipids was significantlj de- 
creased in groups B and C The increased weight 
of the livers of groups B and C was associated with 
an overall increase of about 75 per cent in the 
W’cight of total lipids per Ii\er, a similar increase 
in phospholipid phosphorus content and a smaller 
increase in total cholesterol 

Glutamic acid dccnrbox)lnso of higher plants 
Otto Scuales, ^ ihgima Mims (bj in\ Ration) 
and Seima S Sciiales (bj inaitation) Chemteal 
Research Laby , Alton Ochsner Medical I ounda- 
lion, Neio Orleans Okunuki (Bot Mag Tok3 0 51 
270, 1937) discovered in higher plants an cnzjmo 
which specifically dccarbo\jlatcd glutamic acid 
He described glutamic acid dccarboxj lasc as bound 
to the cellular structures from which it could not 
be brought into solution by treatment with gljc- 
erol, phosphate buffers and NaCl solution 
We obtained clear solutions of glutamic acid 
decarboxylase by mixing plant material for 3 min- 
utes in a Waring Blendor with one to five volumes 
of ice cold phosphate buffer (pH G 4), followed bj' 
storage in a refrigerator for one hour and subse- 
quent removal of undissolved particles The per- 
centage of the total activity appearing in the solu- 
tions depended on the freshness of the plant tissues 
Fresh carrots for example released into five volumes 
buffer only 25 per cent of the total activity, w hereas 
70 per cent were found to bo soluble after 4 da3 s 
storage of the carrots in a refrigerator Tins is 
interpreted as a result of autolytic processes 
occurring during storage 

Clear solutions of glutamic acid decarboxylase 
lost part of their activity on dialysis The original 
activity was restored or surpassed on addition of 
pyridoxal phosphate The enzyme is apparently a 
pyndoxal-phosphate-protem complex The first 
step in the reaction with glutamic acid seems to be 
a condensation between the aldehyde group of 
pyridoxal and the amino group of the acid HCN 
and various aldehyde reagents by reacting with the 
aldehyde group prevent this condensation and 
therefore inhibit enzymatic activity 
Microdetermination of sphingomyelin in tissues 
G Schmidt, J Benotti (by invitation) and S J 
Thannhauser Boston Dispensary, J Pratt 
Diagnostic Hospital, and Tufts Medical School, 


Boston The method is based on the obscrvatioii 
that lecithin, h3drolecithin and all cephahns are 
qiianlitativelv transformed into acid soluble P 
compounds during incubation with aqueous N 
potassium lodroxidc for 15 hours at 37° Under 
these conditions the I’-containing group of sphingo 
myelin remains insoluble in acids 
The resistance of fiphingom3clin against alkali 
under these conditions was substantiated on pure 
sphiiigoniyclin which was isolated from lung by a 
new procedure developed by Thannhauser and 
Benotti The resistance of brain sphingomyelin 
could bo demonstrated by the absence of sphingo 
Bine in the acid soluble P compounds obtained from 
brain protagon after all ah treatment 

For the actual determination the tissues are ex 
tracted according to DIoor with a boiling mixture 
of alcohol nnd ether and subsequently with boiling 
mixture of chloroform nnd methanol The combined 
extracts are concentrated to dry ness under reduced 
pressure and the lipids arc rcdissolvcd in petroleum 
ether containing approximately 10 per cent ethanol 
An aliquot of the petroleum ether extmet serves 
for the determination of the total lipid P A 
Bccond aliquot is evaporated to dryness The lipids 
are finely suspended in aqueous N KOH and in- 
cubated at 37 ° for 15 hours After acidification with 
a mixture of dilute hydrochloric and trichloroacetic 
acids, the amount of total P in the clear filtrate is 
determined The P content of the filtrate repre- 
sents the monophosphatidc P, the difference be 
tween the total lipid P and monophosphatide 


lat of the sphingomy elm P 

Oxidation of 1.3,4-dihydroxyphenyInIanine bJ 
ormni and scorbutic kidney tissue Robert 
FALOCK nnd Tien Ho Lan (by invutation) Chern- 
try Dept , Iowa State College, and Dept of T do 
conomics, Univ of Rochester The feeding o 
3,4-dihydroxy phony lalamnc has previously been 
lund to increase the ascorbic acid requiremen 
’ the guinea pig In further investigation of t m 
ilationship, the ox-ygen consumption and car on 
10X1 de production of normal and scorbutic ne 

id liver slices of guinea pigs has been 
ith the ammo acid as the substrate Of t e 
ssucs, the kidney exhibits the more mar 
iility to oxidize the substrate In the j 

le amino acid, the Qo« is increased by 5 /o 
le Qco, by 40% When kidney slices from 
iitic animals are used the Qoj s-nd QcOi 
the control and experimental flasks are i 
he difference between the normal and 
ate IS further emphasized by the ° atoms 
.ygen to ammo acid present (norma 
ir mol, scorbutic— 0) With the j 

crystalline ascorbic acid to the scor u ic 
r SIX days prior to use, the kidney s 
leir ability to oxidize 
hese results afford additional evi en 
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metabolism of this compound is dependent upon 
an adequate intake of ascorbic acid 

Changes in the serum proteins and carbohydrate 
in tuberculosis and methods of analysis F B 
Seibert, Jane Atno and Mabel V Seibert (by 
invitation) Henry Phipps Institute, Univ of 
Pennsylvania, Philadelphia The proteins were 
determined by means of electrophoresis using 
veronal buffer pH 8 5 and fi = 0 1 The polysac- 
charide was determined by means of the carbazole 
reaction of Dische adapted for use with the photo- 
electric colorimeter An indirect method baaed 
upon the difference between total carbohydrate 
so determined and glucose measured by means of 
the Somogyi lodometric titration, gave the same 
results as a direct method in which the true poly- 
saccharide was determined upon an alcohol pre- 
cipitate of the serum The reliability of the method 
was established The proper standard was deter- 
mined by choosing the pure sugar or combination 
of sugars which after reacting wuth carbazole gave 
an absorption curve similar to that given by serum 
The limitations of the method will be discussed 
No sigmficant change occurs over long periods of 
time in the glucose or true polysacchande content 
of serum if it is kept frozen or at the point of 
freezing 

Analyses on sera from normal and tuberculous 
patients in different stages of the disease showed a 
progressive increase in polysaccharide content and 
a corresponding decrease in albumin/globulin ratio 
with advancement of the disease There was an 
actual decrease in albumin and an increase in the 
gamma and alpha globulin concentrations 
The concentration of polysaccharide in normal 
serum is approximately 99 mgms per cent and may 
increase one hundred per cent or more in cases of 
far advanced tuberculosis 
Relatively insigmficant changes occur in the 
same individual from time to time or are caused by 
ingestion of carbohydrates 
Replacement of vitamin Ai by Vitamin Ai in the 
retina of the rat E M Shantz (by invitation), 
N D Embree (by invitation), H C Hodge and 
J H Wills, Jr (by invitation) Univ of Roches- 
ter, Rochester, N Y Vision in dim light is due to 
the photocheimcal decomposition of ‘visual purple’ 
or rhodopsin, a retinal pigment having an absorp- 
tion maximum at 500 mn Certain freshwater fish 
possess a nsual purple system differing from that 
found in most ammals This pigment, called por- 
phyropsin, has an absorption maximum at about 
622 mu Rhodopsin is believed to bo a conjugated 
protein in which xutamin Ai is a prosthetic group, 
while the prosthetic group in porphyropsm is 
believed to be vitamin A- It was the purpose of 
this experiment to determine whether an ammal 
normally utilizing only vitamin Aj in its retinal 
pigment could develop porphjropsin through the 


replacement of vitamin Ai by vitamin Aj in the 
diet 

The xusual purple extracts from three large 
groups of albino rats were examined in a recording 
spectrophotometer The first group, which were 
normal rats on a well-balanced diet, showed a good 
rhodopsin curve with a maximum at 500 mp The 
second group, which had been on a vitamin A- 
deficient diet for a period of 9 weeks, also exhibited 
a rhodopsin curve but possessed only about J the 
amountof pigment found in the normal retinas The 
third group, which had been administered a daily 
supplement of vitamin Aj for 12 weeks after previ- 
ous depletion, showed normal amounts of visual 
purple but the absorption maximum had been 
shifted to 520 m/i 

Observations were also made on the effect of 
vitamin Aj admimstration on the vitamin A picture 
in the liver and the blood stream A possible sex 
difference in utihzation of this vitamin is also 
discussed 

Studies on the formation of heme and on the 
average life time of the human red blood cell 
David Shemin and D Rittenberg Dept of Bio- 
chemistry, Columbia Univ , New York The feed- 
ingof glycine labeled with N“, to a human resulted 
in the formation of heme containing a high con- 
centration of N*‘ From quantitative considera- 
tions it was concluded that glycine is the mtro- 
genous precursor of the protoporphyrin of hemo- 
globin We have also studied the formation of heme 
in the rat by feeding glycine dl proline, dl glutam- 
ic acid, dl leucine and ammomum citrate labeled 
with N“ Since the isotope concentration of the 
labeled substances fed were not all the same, we 
have calculated the isotope concentration of the 
isolated hemin on the basis that the fed material 
contained 100 per cent N‘‘ On this basis the iso- 
tope concentration of the heme was 0 91, 0 25, 0 17, 
0 16, and 0 09 after the feeding of glycine, dl pro- 
line, dl glutamic acid, dl-leucine, and ammomum 
citrate respectively The data show that of the 
compounds studied only glycine is directly utilized 
for heme formation The N“ concentration found 
in hemin after the feeding of compounds other than 
glycine is a reflection of the utihzation of their 
mtrogen for glycine synthesis 

We have followed the isotope concentration of 
heme in human red blood cells for several months 
after the feeding of glycine labeled w ith N“ From 
the shape of the curve vs time, it is concluded that 
the average life time of the human red blood cell is 
about 125 days and that the porphy rin moiety of 
hemoglobin is not reutihzcd for hemoglobin forma- 
tion 

Lipid-mustard compounds R G Sinclair, G 
Hale, and D Fairbairn (by invitation) Dept of 
Biochemistry, Queen’s Univ , Kingston, Canada 
Aqueous sols of the cephahns and lecithins react 
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with dichlorodicthylsulphido (miiatnrd) ^^llh the 
formation of compounds, some of ^\lnch iiosscss 
radically different properties from those of tlio 
original lipids 

In the case of the cephalins, at least two and 
probably three groups arc involved in the reaction, 
one IS certainly the ammo group When the jiH 
during the reaction is kept between 3 5 and 4 6, 
reaction with the ammo group is practicall}' c\- 
cluded, the resultant compounds contain about 1 
per cent or 3 per cent S, depending uiion the 
particular cepliahn used Since one outstanding 
difference between the cephalins used is m the 
serine content, it seems likelj that the carbo\> 
group IS involved m the reaction When the pll 
during the reaction is increased, there is a pro- 
gressive decrease in the free ammo N and an in- 
crease in the S contents of the resultant product 
At a pH of 9 the product maj contain no free ammo 
N and contains about G per cent S 

Lecithins (brain and egg), prepared through the 
CdClj double salt, reacted with mustard to form 
compounds containing 1 7 to 2 3 per cent S It is 
thought likclj" that the phosphoric acid group of 
the lecithins, and of the ceplialms ns well, is in- 
volved in the reaction 

The h 3 'drophilic propertj of the mustard- 
cephalin compounds seems to be pnmnrilj a func- 
tion of the free amino N content, those wntli onlj 
about 5 of their ammo groups free can not be dis- 
persed in water 

Eflfect of tryptophane on tirinary excretion of 
nicotinic acid in rats S A Singal (by invitation), 
A P Briggs, V P Sidenstricker and Julia 
Littlejohn (by invitation) IJniv of Georgia 
School of Medicine, Augusta Rats, when placed 
upon the low' protein, high corn grits diet of Krchl 
et al *, showed a sharp decrease in urinary nicotinic 
acid as assayed microbiologicallyw'ith Lactobacillus 
arabinosus The addition of 1 0 mg per cent mco- 
tinic acid or the increase of the casein content of 
the diet to 20 per cent did not alter the amount of 
mcotimc acid excreted When 0 5 per cent 1(— ) 
tryptophane was included in the diet, a large 
increase was observed in urinary mcotimc acid, 
which upon acid hydrolysis, but not alkaline 
hydrolysis, was increased further some two to three 
fold Lloyd’s reagent and charcoal adsorbed in 
excess of 90 per cent of the urinary mcotimc acid, 
whereas, zinc hydroxide was ineffective in this 
respect The study of the fecal excretion of mco- 
timc acid in these animals did not yield results 
w'hich could be correlated with urinary data 

Tryptophane, when administered to rats main- 
tained on commercial animal food, caused a three 
fold increase m the excretion of mcotimc acid in 

1 Krehl, W A , Teply, L J , Sarma, P S , and Elvehjem, 
C A , Science 101 489, 1945 


the urine, which upon acid hydrolysis showed a 
further fifteen fold increase Essentially similar 
results were observed when these urines were 
analyzed chemically for nicotinic acid, employing 
the cyanogen bromide and mctol reaction 
Results of human studies will also be reported 
[Ac/ nowlcdgmcnt, is made of aid from the John and 
Mary Mar/ Ic loxindalion ) 

Immune proteins of the cow Emil L Smith 
(introduced by 0 Wmterstemer) E R Squibb d 
Sons, New Eninswich, N J Immunity may be 
pnssi\ cly transferred from mother to offspnng via 
the milk The immune globulin of bovine milk and 
colostrum has now been isolated in electrophoreti 
cally homogeneous state This globulin is easily 
difTcrcntisted from the well-known 0 lactoglobulm 
which possesses no immune properties The im- 
mune protein has its isoelectric point at pH 59- 
G 1 ami its diffusion constant (Dr,^”) is 3 6 X KH 
sq cm per sec On dialysis the immune protein 
separates into pseudo- and euglobuhns, both of 
which possess immune activity Analysis of the 
total immune globulin gave the follovnng prelim- 
inary \alues (in per cent) hexose = 2 7, hetosa 
mine = 15, total N (Dumas) = 15 5, total S = 

1 04, tryptophane = 2 5, phenylalamne = 3 7, 
xaline = S Cand leucine = 94 
In the plasma of the cow, the immune activity 
is present in both T and y components similar to 
those found in the horse Both of these components 
ha\e been isolated and characterized For the T 
component, the I E P is at pH 5 9-6 1, and for the 
T, the I E P is at pH 7 0-7 2 The diffusion con- 
stants of both are similar to those of the milk and 
colostrum, indicating that all of these immune pro- 
teins are of approximately the same sue The 
analytical composition of the plasma proteins has 
been compared wnth those of the nulk and colos 
trum The results indicate that these proteins are 
closely related but not identical Anaphylactic 
tests w ith guinea-pigs gave strong cross reactions 
between all of these proteins 
Metabolism of large doses of para-aminobenzo*'^ 
acid Paul K Smith, and (by invitation) Ja^® 
R Batliss, S Orgorzalek and MargarJT 
McClure AAF School of Aviation 
Randolph Field, Texas Methods were devised i 
determining in the urine the free and 
forms of p-aminobenzoic acid and of p aimno 
puric acid These were based on the usua 
reaction employed for sulfonamides plus t ® ° , 
servation that ethylene dichloride would ex 
much of the free p-aminobenzoic acid an v ^ 
little of the free p-aminohippuric acid from 
ered dilutions of the urine , t 

After four gram oral doses, the plasma 
p-aminobenzoic acid rose sharply and were 
mal in about one hour and then fell rapi ^ , 

proportion of the free form m the plasma 
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from 20 to 100 per cent , the proportion in the urine 
of the four fractions was likewise variable but in 
general most of it occurred as free p aminobenzoic 
acid or conjugated p-aininohippunc acid with 
smaller quantities of conjugated p aminobenzoic 
acid or free p aminohippunc acid 
Estimation of vitamin A m fish liver oils by 
activated glycerol dichlorohydrin Ameht E 
SoBEii and HABOnn ’Wbbbib fby invitation) 
Pediatric Research Laby , Jewish Hospital, Brook- 
lyn A comparative study was made of the vitamin 
4, values obtained on the whole and on the un- 
sapomfiable fractions of fish liver oils by activated 
glycerol dichlorohydrin, the Carr Price reaction, 
and the Ei^ 328 m^t The procedures employed 
were those previously presented by the authors 
(J Biol Chem ,159 681,1945) 

On the whole oils, the values obtained by the 
antimony tnchlonde method were about 4% 
higher and the Ei^m 328 mu, about 33% higher 
than those obtained with activated glycerol di- 
chlorohydrin 

On the unsapomfiable fraction of the fish liver 
oils, the antimony trichloride values were about 
3% lower than the activated glycerol dichloro- 
i% 

hydrin values, while the Ei cm 325 m#», values were 
about 23% higher 

Thus the new reagent approMmates the values 
given by antimony trichloride with vitamin A in 
fish liver oils Since activated glycerol dichloro- 
hydrin 18 stable over a period of two to three 
months, is not affected by traces of moisture, and 
gives a color with vitamin A which is stable for at 
least 8 minutes, it offers defimte advantages over 
the antimony trichloride in the estimation of 
vitamin A in fish liver oils [This study icos aided 
by a fund granted by the American Home Products, 
Corp and byagrantfrom the United Hospital Fund 
of the City of Oreatev New York ] 

Activated glycerol dichlorohydrin, a new colori- 
metric reagent for vitamin A Aubert E Sobei. 
and Harold Webbin (by invitation) Pediatnc 
Research Laby , Jewish Hospital, Brooklyn, N Y 
Glycerol dichlorohydrin from various firms could 
not be relied upon to possess chromogemc power 
toward vitamin A (J Biol Chem , 159 681, 1945) 
However, the addition of various reagents such as 
acetyl chloride, anhydrous alurmnum chloride, and 
benzoyl chloride produced a reagent with chromo- 
gemo power Acetylated glycerol dichlorohydrin 
was found to be inactive both toward vitamin A and 
vitamin D even with activating agents added 
The beat method of activating glj cerol dichloro- 
hydrin toward vitaimn A was distillation under 
racuum with 1 to 5% of antimony trichloride The 
aclii'ated reagent was found to bo stable over a 
period of two to three months Under these condi- 
tions used for vitamin A determinations the inter- 


ference of vitatmn D and other related sterols is 
negligible 

The absorption spectrum was taken on the Beck- 
man spectrophotometer between 320 to 750 nm 
of the violet color produced by reacting the reagent 
mth crystalline vitamin A alcohol, crystaUine 
vitamin A acetate, a natural vitarmn A ester con- 
centrate and its unsapomfiable fraction In each 
case one ma'mn'um was observed between 553 and 
556 mil The extinction Ej^ of the vitamin A in 
the natural ester concentrate and its unsapomfi- 
able fraction were almost identical, 1420 and 1410, 
respectively The color is stable from 2 to 10 min- 
utes after addition of reagent A nearly linear rela- 
tionship was observed at 555 m;i betw een 1 26 and 
13 63 pg of vitamin A in 5 ml of reaction nuxture 
[This study was aided by a fund granted by the 
American Home Products, Corp and by a grant 
from the United Hospital Fund of the City of 
Greater New York ] 

The hydrolysis of sphingomyelin 'Warren M 
Spebbv and Florence C Brand (by invitation) 
Dept of Biochemistry, New York Stale Psychiatric 
Inst and Hospital, New York In applying the 
micro method reported last year (Fed Proc , 4 
104, 1945) to the determination of choline in 
hpids It was desirable to employ a volatile acid as 
hydrolytic agent, so the hydrolysis, precipitation, 
filtration, and ondation of choline remeckate could 
be earned out in the same tube Methanohe HQ 
yielded erratic results, but ethanolic HQ was 
Wnd to be a satisfactory hydrolytic agent for the 
deterrmimtion of cbobne in lecithin However, 
chobne was split off from sphingomyelin only to a 
small degree even after long heating with strong 
ethanolic or aqueous HQ solutions Constant boil- 
ing HI liberates choline from sphingomeylm quite 
rapidly, hydrolysis appears to be complete wnthin 
3 hours at 137” in sealed tubes Heating with HI 
renders chohne partially insoluble in cold second- 
ary butanol, but in boiling butanol it usually dis- 
solves with liberation of iodine This result is best 
explained by the assumption that a periodide is 
formed, but occasional somewhat low recoveries 
(down to about 90 per cent) after heating chohne 
with HI suggest that a more deep seated change 
may occur We have some evidence that consid- 
erably more chohne is yielded by hydrolysis of 
sphingomyelin with HI than wrth Ba (OH)s 

X-ray diffraction studies on gallstones M 
Spiegel Adolf and G C Hennt (by invitation) 
Depts of Colloid Chemistry and Physics, Temple 
Umv School of Medicine, Philadelphia The chief 
constituents of gallstones as well as their struc- 
tures may be investigated by x-ray diffraction 
Nevertheless only a few pertaining studies are 
available We hav e tried diffraction studies of the 
stones both with powder and with thin sections 
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Powdered gallBtoncs also were frnrlionnted 
treatment with annoiis ONlrnclinK fluids and 
difTraction pictures of the individual fractions were 
made Cholesterol stones forming a group winch 
showed multiple facettes and apparent]} concen- 
tric layers gave the following fiiulinga Material 
scraped either from the surface or cKo from the 
center of a stone produced idenlicall} Die aamc 
powder diffraction pattern as that of pure cliolcs- 
tcrol A section perpendicular to Die siirfare gave 
a w'cli-orientcd picture indicating that crvstillira- 
tion occurred under stress within the stone An- 
other group of multiple dark brown stones showed 
the same powder diffrvctvon pvtlern both in sam- 
ples scraped from the surface and from the center 
Sections cut at right angles to each other did not 
show signs of orientation }3oth of these pitterns 
seem to consist of at least two groups of substances 
One group was identified as cholesterol, containing 
pcrliaps small crgostcrol ndmisturcs Coiitrar} to 
jRanganathan (Ind J Med lies 19 llFi'i, 1032) 
no contraction of the cholesterol rings in the 
gallstone could be obscrv cd, the pal terns remaining 
unchanged after extraction The powder diffrac- 
tion pattern of the substance remaining after the 
extraction of cliolcslcrol indicates Die presence of 
a mixture of Ca (Hj PO<)sand Caj (P04)j II-O with 
a prevalence of the former constituent 
Enzymatic action of cerebrospinal fluids follow- 
ing concussion M SriEorL-^Dorr, II T Wicis 
(by invitation) and B A Sen gll (by invulation) 
Dcpls of Colloid Chcnnslnj and Exp Neurology, 
Temple Medical School, Philadelphia Our spcctro- 
photometncal findings in the CSF (Fed Proc 4' 
105, 1945) in cerebral concussion were confirmed 
on a larger material However, if the CSF was kept 
standing, its selective absorption band with its 
peak at 265 rrifi became weaker and finally disap- 
peared, although the sample was kept under sterile 
conditions Temperature seems to have a marked 
effect on the velocity of this reaction In order to 
analyze it, samples of commercial nucleic acids 
of ammal (Difco) and of plant origin (Schwarz) 
were mixed with CSFs from patients who had re- 
cently sustained a concussion Controls were set 
up both w'lth normal human CSF and with saline 
solution After an incubation of 4 hours at a tem- 
perature of 37°, spectrophotometrical measure- 
ments were made with a Hdger spectrophotometer 
as well as with a Beckman photoelectric quartz 
spectrophotometer Both nucleic acid samples in- 
cubated with the CSFs from concussed patients 
showed a decrease of the selective absorption, while 
the controls remained unchanged The changes 
produced in plant nucleic acids seem to exceed the 
ones observed in the ammal nucleic acids. An 
effect upon ammal nucleic acids could also be de- 
tected by a decrease of the Dische diphenylamine 
reaction This may serve as base for a colorimetric 


reaction chararlcrislic of changes occurnng in the 
CSI' following concussion This behavior of CSF of 
concussorl patients cjin he explained by the pres 
cnce of onry ines ami may be related to the chro 
inatolv tu changes induced by ccrcbml concussion 
lAulcd by a grant from the John and Mary R Mar 
He J oundnlion ] 

The chemistry and biological significance of 
by droxyketo acids DavidB brniNsoxandEBinh 
CuAiiOAir, Dept of Biochemistry , Columbia Univ, 
New } orl The hreakdow n of ecrinc by several 
Inologital sy steins was previously show n to proceed 
bv way of a dehydration to pyruvic acid and am 
inonia (I, Chargaff and D B Spnnson, J Biol 
Chem , 131 273, 1013) In contrast to this mccha 
nisrn, rat kidney slices in bicarbonate buffer have 
been found to jiroducc hydroxypyruuc aci(l,HOCHj 
CO coon, and ammonia Following the de 
amination of dl serine in the presence of arsenite, 
by drovy py ruv le arid 2,4-dinitrophDnylhydrazone 
was isolated and 22 per cent of the theoretically 
possible ammoiua were recovered, 65 per cent of 
tlic ammo acid remained unattached A similar 
experiment with I serine gave no hydrazone and 
almost 00 jicr cent of the ammo acid were found 
intact No by dmzone was obtained from dl- 


threonine 

Sy nthesisof /5-hy drox-y -a-keto acids was acbeve 
by the careful hydrolysis of the corresponding 
(3-bromo a-kclo acids Bromopy ruv ic and & bromo 
a-kclobutync acids yielded solutions of hydroxy 
py ruv 1C and by droxy-a-ketobuty ricacids respec 
tncly Both acids gave crystalline 2,4 dinitro 
phony Ihydrazoncs, that of the hydroxy pyruvicaci 

being idcntial with the derivative obtained y ® 


deamination of dl-sennc by rat kidney 
The structure of the synthetic hydroxy pyruvi 
acid was proved through Us cleavage 
acid to formaldehy do and oxalic acid and y 
reduction of its dinitrophenylhydrazone o 
serine Similarly, periodic acid produced ace 
byde and ovalic acid from hydroxyketobutyr 


Hy droxypyruvate in 0 8 ^ qumUy 
le onediol, dihydrox-yacrybc acid E p 
Dl N alkali produced a rapid and ® 

tautomeric changes and condensations s 
inied by an increased periodate consunip > ^ 

Studies on thymus nucleohistone 
?ERN and Sanford Davis (by invitation ^ 
Chemistry, Polytechnic Inst , 
ontinued experiments on desoxyn 
ms in 1 M NaCl solutions (Fed . .gU 

6, 1945) have led to the conclusion 
ymus nucleohistone is largely spn ^ 
ymonucleate and histone chlon e 
lundary (S at infinite dilution, appr 
eviously observed m these so u lon 
alytical ultracentnfuge, is likely tnsv 
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nucleic acid component rather than of the nucleo- 
protein, since added thymonucleate fails to give 
an additional boundary 

Ultracentrifugal analysis of water extracts of 
thymus tissue washed with 0 9 per cent NaCl 
reveals sedimentation of two major and one minor 
component Nucleohistone isolated from water 
extracts by precipitation at 0 14 M NaCl shows 
a principal component and small amounts of lighter 
impurities Both crude and purified solutions are 
unstable and no longer yield precipitates at 0 14 
M NaCl after aging 

Extraction of thymus with 1 M glycine affords 
protein solutions of increased stability In the 
ultracentrifuge, two major components and one 
minor component as well as a large concentration 
gradient at the meniscus were observed At 0 14 M 
NaCl a nucleo protein precipitates its solution in 
0 02 N phosphate, pH 7, shows only one sediment- 
ing boundary while in M glycine an additional 
gradient develops at the merasc'Cis Glycine as a 
solvent for estraoting nucleoproteins from tissues 
appears preferable to M NaCl the low viscosity 
and absence of flow birefringence in glycine solu- 
tions indicate that the nucleoprotem is not disso- 
ciated in this solvent Histone, prepared from thy- 
mus according to Felix, separates in the ultracen- 
trifuge into a light and heavy fraction of similar 
argimne content [This work was aided by the 
Came S Scheuer Foundation ] 

Effect of insulin level upon lipogenesis DEWnr 
Stetten, Jr , and Babette V IJlein (by invita- 
tion) Dept of Biochemistry, College of Physicians 
and Surgeons, Columbia Uniu , New York When 
fatty acids are synthesized in the liver of an ammal 
whose body fluids contain D 0, deuterium appears 
stably bound in the fatty acids Advantage has 
been taken of this fact to evaluate the effect of 
hypo- and hyperinsulimsm upon the rate of 
lipogenesis Previously, in the rat,* and now in the 
rabbit it could bo shown that in alloxan diabetes 
fatty acid synthesis proceeds at a rate well below 
normal The converse effect, increased lipogenesis 
in the liver of the normal rabbit in resjKmse to 
administered insulin, has now been demonstrated 
The deuterium concentration in the liver fatty 
acids of the rabbit has been elevated to four times 
the level of the control by the repeated injection of 
insulin From this it has been concluded that the 
rate of utilization of glucose in hepatic lipogenesis 
IS dependent upon the level of circulating insulin 
and represents a special case of the more general 
effect of insulin upon utilization of glucose [Aided 
by grants from the Jostah ilfacy, Jr , Foundation 
and the Nutrition Foundation Inc ] 
d-Amino acid oxidase of proteusmorganii P K 
Stumpf (by invitation) and D E Green Depls 

■Slcttcn D Jr and Bo«r G E J Biol Chem 156 S71 
<IM4) 


of Medicine and Biochemistry, College of Physicians 
and Surgeons, Columbia Univ , New York We 
have previously described* the preparation of an 
enzyme from Proteus vulgans which catalyses the 
oxi^tion of I amino acids by molecular oxygen 
Extracts from the same orgamsm and Proteus 
morglinii are now found to contain another enzyme 
which catalyses the oxidation of d amino acids 
This enzyme was extracted following disintegration 
in the Booth Green bacterial crushing mill or by 
idtrasomc irradiation The enzyme which is associ- 
ated with insoluble particles can be concentrated 
by isPelectric precipitation or by precipitation with 
ammomum sulfate The enzjune oxidizes the d 
isomers of alamne, phenylalamne, phenylamino- 
butyfic acid, histidine, methiomne, and glutamic 
acid in the descending order of velocities named 
d-LeUcine and d valine are very slowly if at all 
oxidized 1-Alamne and j3 alamne are not oxidized 
For each mole of amino acid oxidized one atom of 
oxygen m ‘uaVen wp 11 X 14 ox* xno\o o5 Wio ataii and 
ammoma are formed There is no evidence of 
hydrogen peroxide formation by the bacterial 
enzyme in contrast to its formation by the d- 
amino acid oxidase of ammal tissues 

The d amino acid oxidase of ammal tissues is a 
flavoprotein However the available evidence sug- 
gests that the d-enzyme of Proteus is not a flavo- 
protein On dialysis the Proteus enzyme loses 
activity nhich can be restored by boiled extracts 
of yeast but not by flavindinucleotide The nature 
of the substance in yeast responsible for this reacti- 
vation effect is under investigation 

On the mode of action of chlorinating com- 
pounds P K Stumtf (by invitation) and D E 
GreJIn Depts of Medicine and Biochemistry, 
College of Physicians and Surgeons, Columbia 
UniV , New York Chlorine and orgamc compounds 
contaimng active chlorine inactivate at very low 
concentrations a considerable number of enzymes 
e g tnosephosphoric dehydrogenase, succinic 
oxidsse and acetic oxidase Other enzymes like 
catalase, transaminase and d-amino acid oxidase 
are not affected by these agents at the same con 
centration levels In the case of the tnosephos- 
phonc dehydrogenase it can be shown that chlorine 
irreversibly oxidizes some sulfhydryl groups nhich 
are essential for the activity of the enzyme In 
general those enzymes ivhich are very sensitive 
to the action of chlorine are shon n to depend for 
their activity upon the presence of sulfhydryl 
groups 

The oxidation of glucose by bacteria like E coli, 
Proteus vulgaris and others is arrested completely 
in presence of low concentrations of chlorinating 
compounds This effect is largely if not entirely duo 
to the inhibition of the triosephosphonc dehy dro- 

I Btumpt, P Bud Green D E , J Biol Chem 153 357 
(1941) 
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gcrniso An c\nct pirnllcliem ImR bocn found 
between the nnnunnl concent nit ions of chlonnnling 
compounds at whicli tlie oxidation of glucose la 
completelj inhibited and tlie nniiiinni concentra- 
tions at which bacterial growth is supprcRRcd 
The bacteriocidal action of chlorinating compounds 
can thus be accounted for quant itatnelj in terms 
of tlicir irreversible inaclnntion of an enr>mo 
which IS an essential stop in the metabolism of 
glucose Bj contrast the xiabilitj of most bacterial 
spores does not depend upon the abilitj to oxidirc 
glucose and consistent with this fact bacterial 
spores arc found not to bo killed bj chlorine except 
at concentrations ten to twentj times greater than 
IS nccessarj" to kill bacterial cells — the pcrmcabilit j 
factor liaving been excluded 

Dictnr> requirements for fertilRj and lactation 
XXXIII Dried jeasts as sources of proteins and 
Mlamin B complex for growth, reproduction and 
lactation Bxnxnxr Sum Dept of Agricultural 
Chemistry, Umv of Arhansa’i, I aycttci die Brew- 
ers’ Yeast (K) * The brewers’ joast, fed at 30 to 
40 per cent planes of intake, furnishing It to IS 
per cent proteins, and which served as sources of 
the vitamin B complex, permitted growth in the 
first, second, third, and fourth generations at a 
rate equal to that obtained bj feeding 15 per cent 
purified casein for a period of 4 months Reproduc- 
tion and lactation were excellent in the first, 
second, and third generations, the lactation 
efficiency being 85 to 95 per cent 

Cultured Yeasts Growth in first and second 
generations on strains Kitchen Food, G, 90, 200, 
and 300, fed at 30 to 40 per cent planes of intake, 
furmshing 12 to 17 per cent proteins and \itamin 
B complex in the rations, was equal to that ob- 
tained on 15 per cent purified casein for a period 
of 4 months Lactation efficiency varied with the 
strain of yeast, the Kitchen Food and strain G 
being the most efficient for rearing of young The 
poorer results in lactation obtained with some of 
these cultured yeasts may be due to vitamin 
imbalances, since they are very abundant in 
thiamine and riboflavin, rather than to protein 
inadequacy 

Effect of experimental malaria on the electro- 
phoretic pattern of the serum proteins of normal 
young men Henry Longstreet Taylor, Glenn 
Fischer (by invitation), Samuel M Wells (by 
invitation) and Ancel Keys Umv of Minnesota, 
Minneapolis Eleven normal young men were 
inoculated wnth the McCoy strain of tertian 
Inalaria All subjects developed malaria which was 
terminated with quimne after the seventh or 
eighth paroxysm The total number of degree hours 
of fever above 101 °F , varied from 147 to 221 in the 
several individuals Blood samples were drawm 
before inoculation and at the end of the last 

I Strain K, Anlieuaer Busch, St Louis, Mo 


paroxism The sera were dialyzed against veronal 
buffer (pll 8 0)and annl^ zed in the electrophoretic 
apparatus of Tisclius Values for the separate 
componciits from Imtli ascending and descending 
pallerriR were expressed ns per cent of the total 
area The mean total protein concentration of the 
sera, determined by micro-Kjcldahl, was 682 
grams per 100 ml before malaria and 6 76 after 
malaria No (pialitative difference in the electro 
phoretic pattern due to malaria appeared The 
change in the various electrophoretic components, 
expresscil as per cent of the corresponding values 
before malaria, was —12 9 for albumin, -f23 2 for 
total globulin, -fG5 for the alpha one, -1-5 2 alpha 
two, -f 20 2 for beta globulin and -1-20 5 for gamma 
globulin All changes except tliat of the alpha two 
globulin were statistically significant by the t test 
A product moment correlation of 0 5-1 was obtained 
betw eon the number of degree hours and the abso 
lute increase in the alpha one component 

Crystalline aldolase and its identity wdb 
myogen A Jons Fuller Taylor, Arda Aldev 
Grffn and Gertv T Coni Depts of Biological 
Chemistry and Pharmacology, Washington Unw 
School of Medicine, St Louis The enzyme aldolase 
has been obtained from rabbit muscle in severs 
cry stalline forms SO per cent of the enzyme m an 
aqueous extract is precipitated between 0 50^ 

0 52 saturation by (NH4).S04 at pH 7 5 The 
precipitate consists of fine needles which can e 
rccry slallizcd from (NH4)jS04at pH 7 5 as needles 
or, in some instances, as large well-formed six si e 
plates When the needles or plates are recryst 
hzed from (NH4),S04 at pH 5 8, hexagonal hi 
pyramids are obtained which closely resem 
myogen A, originally described by i. 

When my ogen A is prepared by a method w 
involves fractionation with (NH4) SO4 an 
acetone, the bipyramids crystallized at p 
can also be converted to the needle form by crys 
lization at pH 7 5 

Irrespective of the method of preparation 
the crystal form, the protein has the 
activity in a chemical or in an optical test 
mg a molecular weight of 150,000, ]es 

number corresponds to the splitting of zd 
of hexose diphosphate to triosephosp . 
minute at 30° and pH 7 5 Aldolase 
from rat muscle by Warburg and Chris 
reported to have about twice this activi y 
our conditions of testing, the crystalline ^ 
lase prepared by us had the same turnover n 


IS the rabbit muscle preparations tically 

Crystalline rabbit aldolase is electrop 
homogeneous from pH 5 7 to 8 6 The isoe _ 
pH is 6 05 The mobility at pH 7 0 and 
X 10-' cm = sec “i volt"* Eat ® ^ an 

geneous, has a somewhat higher mobi 1 y 
isoelectric pH about 5 7 
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may be separated by cliromatograpliic annljfiiB on 
aluminum owdc By direct chromatoRraplnc 
adsorption of protein free scrum rdtrates the con- 
centration of free glutamic acid was found to be m 
the range of 1 mg per 100 ml of scrum After 
hydrolysis of glutamine with 10 per cent tri- 
chloracetic acid under conditions which Iibcmto 
all of the amide nitrogen, onlj 10 to 20 per cent of 
the glutamic acid present in glutamine is deter- 
mined The comcrsion to glutamic acid of pjr- 
rolidon carboxylic acid formed bj the splitting of 
the amide necessitates an hydroljsis in 2N IICI 
at 90 to 95° for 1 to 2 hours Under these conditions 
the protein free filtrate of blood serum of a limited 
number of normal individuals jicldcd % slues of 9 
to 12 mg of glutamic acid per 100 ml of scrtiin 
The free glutamic acid comprises aiiproximatclj 9 
per cent of the values found after lij drolj sis 

The concentrations of free and bound glutamic 
acid in protein free filtrates obtained bj different 
methods were compared Prclinnnarj data on the 
changes of the glutamic acid concentration in scrum 
after the administration of the amino acid are 
presented 

Studies on the metabolism of 2-ncclylnmino- 
fluorene in rats B B Westfall (by invitation) 
and H P Morris National Cancer Incl , Bc- 
thesda, Md Studies on the mechanism of carcino- 
genesis m rats following the ingestion of 2 acctyl- 
aminofluorene and related compounds have been 
carriedout usinga colorimetric method that detects 
minute quantities of the compound in protein-free 
solutions The method depends on diazotization 
m strongly acid media and subsequent coupling 
under alkaline conditions with R-salt to give a red 
dye This method has been applied to the deter- 
mination of N-N-diacetjl-, N acetyl-, and 2- 
ammofluorene after hydrolysis , and 2-mtrofluorcnc 
follow^ing reduction It has been found that rats 
given the mono-acetyl compound orally in olive 
oil thrice weekly excreted in the urine 25-30% 
of the amount ingested during a 7-day interval 
The compound appeared in a conjugated form 8-10 
times more concentrated when calculated as the 
acetyl derivative than a saturated solution of the 
acetyl derivative in urine, indicating a change dur- 
ing metabolism that left the ammo group still intact 

A study of urinary concentrations of the diazotiz- 
able urinary compound at various intervals 
following a single dose indicates a maximum 
absorption occurring 6-8 hours after ingestion 
This excretion tapered off slowly thereafter and 
was practically completed in 72 hours The diazotiz- 
able urinary material, after extraction with ether, 
was added to plasma It could then be filtered 
through collodion membranes to at least 90 per 
cent The ingested free-ammofiuorene compound 
was found likewnse to be excreted in a conjugated 
form m the urine 

Method for determining the affimtjr of avidin 


for nnnlogB of biotin Lemuel D Wnionr and 
III lEN R Skrocis (introduced by L Earle Arnow) 
Sharp and Dohmc, Inc , Olcnoldcn, Pa Previous 
studies liav c demonstrated that large amounts of 
certain biotin analogs arc capable of displacing 
biotin from the avidin biotin combination The 
present investigation 1ms demonstrated that the 
relative njlinitj/of avidin for biotin analogs possess 
ing no microbiological activitj per sc may be deter- 
mined readily Such procedures involve the 
addition of avidin to tubes containing varying 
amounts of atmlog and an amount of biotin just 
Fiifrincnt to combine vith the avidin employed 
The uncombincd biotin is measured microbio 
logically with Laclobacillus arahinosus and is 
equivalent to the amount of analog taking part in 
the combination The affinity of the compound 
under examination is^ expressed ns the ratio of 
analog to biotin where one Imlf of the biotin is 


combined with the avidin 
The affinity ratio for dl-dcsthiobiotin isapproxi 

maicly 10 From a mixture of biotin methyl ester 

and the free acid the ester first combines with 
avidin Several compounds possessing the urea 
ring but differing from biotin in other respects 
failed tocombinc witliavidin Thus while the cyclic 


urea ring is essential for a compound to combine 
wilhavidin the remaining structure of themolecule 
IS a factor in modifying the affimty of avidia for 
such analogs 

2.Kclo.D-gluconic acid in the polysaccharide 
of Irish moss E Gordon Young and F AH 
Ricl (by invitation) Dcpl of Biochemistry, 
Dalhousic Univ , Halifax, Canada From the 
products of hy droly sis of a purified samp e o 
carrageemn, the polysacchande of Irish moss 
{Chondrus ertspus), with oxalic acid under ni ro 
gen, 2-kcto-D-glucomc acid has been isolate 
the di-isopropylidene derivative The mp i™ 
95° and (aJo -48 8° Micro-elementary analysi 
showed C, 52 99 and H, 6 81 per cent as agai 
calculated values of 52 72 and 6 60 per cen 
amlide was prepared with mp 122 an n 
-28 9° The physical ^^s J)f the m^^^^ 

ester ■v\ere m p 52° and [ajp 
D-gluconic acid was found to give the coo 
tions of fructose except the resorcinol tes 

Further evidence for the presence o 
pound was secured by exhaustive me y _ 
the polysaccharide, both before an 
hydrolysis, m the isolation of the anu 
tetramethyl derivative A crystalline 
obtained of the methylated polysacehande 
the following 

with decomposition, [«Jd -1- 48 0 , 

cent, ash 18 2 per cent hydrochloric 

By hydrolysis of carrageemn ^Rh hy 
acid m air some evidence was oun decom- 

tion of arabinose and arabonolac 
position products of 2 -keto-glucomc a 
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Central nerrous system effects of anticholin- 
ergic agents Benedict E Abbeu, Robert J 
Tufts and Marjorie E Coutolenc Dmston of 
Pharmacology and Experimental Therapeutics, 
Untv of California Medical School, San Francisco 
The effects of three new spasmolytic agents, 8 di- 
ethylammoethyl phenyl a thienylglycolate HCl, 
^-dimethylanunoethyl phenyl a thienylglycolate 
HCl and (3 pipendinoethyl o methyl p-\enylacetate 
HCl have been compared with those produced by 
atropine sulfate, scopolamine HBr, pavatrine, 
trasentm, amphetamine sulfate and sodium pento- 
barbital Unless otherwise specified, agents were 
administered intrapentoneally in 10 mg /kg doses, 
after the rat had been in the activity cage for at 
least one hour Changes in central nervous system 
activity were measured by a simple activity re- 
corder in which all movements of the animal in a 
suspended cage were transmitted by tambour air 
recording to a kymograph 

Umform control effects produced by saline in- 
jections and mampulation were substracted from 
those observed with vanous compounds For analy- 
sis of data, two arbitrary activity periods were 
selected These consisted of the first 55 minutes 
immediately following injection and return to the 
cage and the 27-minute interval following the first 
analysis penod 

Activity was measured dunng time of drug re- 
sponse and this was related to the total period of ob 
servation as a percentage of the whole Data for the 
two observation penods, shown consecutively, are 
as follows 8 diethylaminoethyl phenyl n-thienyl- 
glycolate HCl, -1-34, -1-19, /3-dimethylaminoethyl 
phenyl a-thienylglycolate HG, -1-28, -1-35, piper- 
idinoethyl a-methyl p xenylacetate HCl, —12, -1-13 
atropine sulfate, -1-22, -1-41, scopolamine HBr, 
-b54, -1-71, pavatnne, 0, —4, trasentm, -fl, -1-15, 
amphetamine sulfate (1 mgAg), '1-37, -1-16, 
sodium pentobarbital (5 mg /kg ), —19, -bfi Pre- 
liminary studies, employing a more refined technic 
in which the amount of work performed by the 
animal is determined, indicate a similar trend with 
scopolamine HBr [Aided by a grant from Frederick 
Steams A Company, Division of Sterling Drug 
Company, Detroit, Michigan ] 

Action of tetraethyl ammonium bromide on the 
mammalian neuromuscular system G H 
AcHESONandS A Pereirv (by invitation) Dept 
of Pharmacology, Harvard Medical School, Boston, 
Mass The vasodepressor action of tetraethyl am- 


monium has been shown to depend upon a blockage 
of vasoconstrictor nerve impulses at autonomic 
ganglia (Acheson and Moe, in press), by an action 
like that of curare at this site (Pereiraand Acheson, 
this journal, 1946) Whether tetraethyl ammomum, 
like other quaternary ammomum compounds, has 
a true cuianform action on frog muscle has been 
disputed Rothberger (Pflugers Arch 92 398, 
1902) reported a decuranzing action in mammals 

In cats under dial anesthesia, the responses of 
the calf muscles upon stimulation of the sciatic 
nerve, cut centrally, are relatively insensitive to 
tetraethyl ammomum Intraarterial doses of 10 
mg may increase the twitch height as much as 20% 
Repeated 10 mg doses induce a gradual, long-last- 
ing reduction of twitch height Dunng tetamo 
stimulation doses of 1 mg or more cause a slight nse 
of tension followed by a fall, with slow recovery 
Fasciculation is produced only by 30 mg per kg or 
more injected intravenously The stimulating ac- 
tion of acetylcholine injected intraarterially is 
dimimshed and the blocking effect is increased by 
10 mg doses 

When the twitch height is reduced by curare 
(“Intocostnn”), doses of 0,3 mg produce an in- 
crease in twitch height This effect is less sinking 
than the decuranzation by prostigmine and dimin- 
ishes upon repetition 

The influence of benzyl-imidazoline (priscol) on 
sympathomimetic vasoconstrictors and vasodila- 
tors RatmondP AHEQoisrandR A Woodbury 
Dept of Pharmacology, Untv of Georgia School of 
Medicine, Augusta Benzyl-imidazoline (Pnscol- 
Ciba) reverses epinephnne hy pertensive phase to 
an hypotensive phase through an adrenolytic action 
(See Chess and Yonkman, These Abstracts, 4 114, 
1945) The influence of Pnscol on blood pressure 
and penpheral blood flow effects of other sympatho- 
mimetic drugs was studied in dogs Blood pressure 
was recorded by either a mercury manometer or a 
Hamilton manometer from the carotid or femoral 
artery Blood flow was measured in the femoral 
artery by means of a Rotometer The results before 
and after 10 mgm of Pnscol are summanzed below 
All doses are stated on a per kgm basis 

Epinephnne, 5 gammas intravenous, marked 
pressor, 0 1 gamma intraartenal, marked constno- 
tion, after Pnscol no pressor effect and sometimesa 
depressor phase, no effect or slight vasodilation in 
the leg 
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Ephednnc, 5 mgm intravenous, marked pressor; 
01 mgm intra-arlonal, slight constriction, after 
Priscol slight pressor cfTect and no effect on blood 
flow 

2-mctliylamino heptane (EA-1, Bilhubcr), 5 
mgm intravenous, marked pressor, 0 1 mgm intra- 
arterial, slight constriction, after Priscol very 
slight pressor and no effect on blood floa 

l-(m-hj’dro\vphcnjl) 2 mcthjlaminoothnnol 
(Ncosyncplirine-Stcarns), lOgamnns inlmicnotis, 
marked pressor, 0 1 gamma intra arterial, \asocon- 
stnction, after Priscol no effect on blood jircssurc 
or flow 

Ethyl nor-suprarcnin (Butancplirinc-Winthrop), 
0 3 mgm inlmvcnous, marked depressor, some- 
times itli a pressor phase , 3 gammas intra-arterial, 
marked vasodilation, after Priscol onlj depressor 
and vasodilator effects without deiclopment of 
tachyphyla\i8 

l-(p-hydro\yphenyl) 2-isoprop3 laminoctlianol 
(#277-Stearn3), 0 1 mgm intraacnous, depressor, 
30 gammas intra-arterial, marked \asodilalion, 
after Priscol depressor and vasodilator 


doses of 20 milligrams per kilogram of body weight 
produced marked miosis, dilitation of the car veins, 
salivation and lacrimation which were not com 
plctcly reversed bj atropine In the anesthetized 
dog (ether or Inrbitol) intravenous administration 
of citrinin produced an evanescent fall in blood 
pressure Successive doses of citnnin revealed a 
rapidly developing tachj ph j laxis In the atropin 
ized or vngotomired dogs the effect on blood pres 
euro line reversed The effect on respiration was 
inconstant In some dogs there was evidence of 
slight respiratory stimulation of short duration 
while in others no effect was observed 
On the isolated frog or guinea pig heart small 
doses were without effect, while with large doses 
there was marked ventricular contraction Subse 
quent doses of citnnin produced no effects 
On the isolated guinea pig lung citnnin invan 
ahlj caused definite bronchial constnction which 
was related lij epinephrine Repeated additions 
of citnnin to the perfusion fluid caused decreasing 
bronciioconstnction to a point where no further 
effect was demonstrable while the lung retained its 


From these results it is concluded that Priscol response to histamine, acetj Icholinc or epi- 
does not reverse sjunpathomimctic drugs but docs nephnne 

inhibit the pressor and constrictor effects and lias On the isolated uterus tone was depressed, and 
little action on the depressor and dilator effects on tlic isolated intestine tone was increased while 
[This study was partially supported by Ciba Phar- m the intact animal (dog) both gastric motility and 


moccuticat Co ] 

The application of a graded Ijpc of response 
technique for the bio-nssay of pituitary extract 
(posterior lobe) M G Allviauk, AV M Bacuin- 
SKi (by invitation) and C A MoauEun haby of 
Hygiene, Dept of National Health and Welfare, 
Ottawa, Canada A more efficient design for the bio- 
assay of pituitary extract (posterior lobe) is based 


intestinal peristalsis wore stimulated 
Intradcrmal injections of solutions of citnnin p 
7 2 in varying amounts showed no signs of low 
irritation or necrosis On the conjunctiva of ra 
bits only a slight degree of conjunctivitis, of s or 
duration was apparent , 

No hcmolj tic or agglutinating effects were o 
served with citnnin in concentrations up to 


on a graded response, using eight longitudinal 
strips of uterine muscle from one virgin guinea pig 
Two dosage levels differing by a fixed percentage 
are used for both the standard and unknow n prepa- 
rations Doses are added to the bath in a random 
order The results have been calculated by a fac- 
tonal analysis to obtain an estimate of the most 
probable potency of the unknown preparation and 
its standard error The variations due to doses, 
muscle strips, group sensitivity and their interac- 
tions have been separated by the analysis of vari- 
ance and their sigmficance discussed 

Pharmacological properties of citnnin. An- 
thony M Ambrose and Floyd DeEds Pharma- 
cology Division, Bureau of Agricultural and Indus- 
trial Chemistry, U S Dept of Agriculture The 
preparation of pure citnnin and toxicity data for 
various laboratory ammals by different routes of 
administration have been reported (Proc Soo 
Exptl Biol Med vol 59 Page 289, 1945) Certain 
data of pharmacological interest will be sum- 
manzed here 

Citnnin administered intravenously to rabbits in 


mgm per cent , ^ 

Pharmacologic properties of p-carbami o 
phenylorsenous oxide.’ Hamilton H Am5EI>so , 
ViCTonP Bond and Benedict E Abkeu Divi^o 
of Pharmacology and Experimental Therapeu i i 
llntv of California Medical School, San 
p-Carbamidophenylarsenous oxide,’ the triv e 
analog of carbarsone (p-carbamidophenyl ai^ 
acid) has been shown to have greater actm y 
vitro and in vivo against E histolytica t “ 
pentavalent compound (Anderson, H 
sen, E L , in press) For this reason studies o 
toxicity, distribution and other phariaac 
properties of the arsine oxide were u^erta ® 

On intragaatric administration of 2% ^ 

in 10% acacia in water to rats, the LDm 
40 mg /kg Gastric irritation and hemorrMo 


1 Tho -work desonbed in this paper ima und^ between 
recommended by the Committee on Medical the 

tho Office of Scientific Research and Developm 

Umvereity of CnUfomia. ... mdiattap® 

» SuppUod by tho LiUy Research Laboratories, 

hs, Indiana 
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lowed admimetration of lethal amounts, but were 
less marked when equal parts of propylene glycol 
and water were used as solvent A short term toxic- 
ity test (described by Carl C Snuth) was made 
using i and ^ of the LDm dose, daily for 11 
times Rats did not lose weight and exhibited no 
signs of toxicity nor damage to the gastro entenc 
tract Studies of excretion revealed that appre- 
ciable amounts of arsenic were present 9 days after 
the last intragastnc dose Studies of distnbution 
in rats, rabbits and monkeys indicated that tissues 
containing the largest amounts of arsemc were, in 
descending order, liver, kidneys, lungs, spleen, 
large bowel, stomach and blood, as well as bile, 
feces and urine The micro method of Cassil and 
Wichman (J Offic Agnc Chem 22 436, 1939) was 
used after subjecting samples to wet acid digestion 
The arsine oxide contained 32 0% arsenic * 

Rabbits died after 20 to 40 mg /kg had been 
given intravenously, although oral doses of 75 
mg /kg were tolerated Daily oral doses of 2 2 and 
5 3 mg As Ju entenc tablets given for 34 days did 
not alter weight, hepatic nor renal functions After 
22 days one animal given 13 3 mg /kg daily died 
Congestion of the liver, kidneys and lungs was 
observed 

Monkeys tolerated daily oral doses of 11, 17 and 
27 mg /kg in entenc tablets given for 45 days with- 
out impairment of hepatic or renal function nor 
weight loss Natural infections of E htstolyiica 
were cleared for 6 months 

In man daily doses of 30 and 60 mg , in entenc 
tablets, were tolerated for 10 days without evidence 
of dysfunction 

p CarbamidophenylarsenouB oxide deserves fur- 
ther study as an amebacide 

The action of fumanaceous alkaloids Robert 
C Anderson (by invitation) and K K Chen 
Ltlly Research Laby , Indianapolis Manske, in an 
exhaustive investigation of Fumanaceous plants, 
isolated numerous alkaloids and elucidated their 
structures (Canad J Res , 7 258, 1932, J Am 
Chem Soc , 67 95, 1945) Through his courtesy, 
15 alkaloids were made available to us for a pharma- 
cologic study Their names and LDjo’s in mice by 
intravenous injection are as follows 



mf ferlt 

Protopmo HCl 

3S 9 ± 1 90 

Adluxnkdi&e 

37 2 i 0 77 

Isocorydino HCl 

49 S d; 0 90 

Capnotdioe 

29 1 d; 3 SO 

Cftpaunne 

£5 S d; 7 40 

Capaundlco 

E2 4 db £ 3S 

Corydftlioe 

135 5 db 12 SO 

Ophiocarpme 

13S 7 ± 4 10 

Ocbotenfltxie 

10 S d: 0 £4 

Cbehdomoo 

34 6 d= 2 44 

dl'Canftdmo 

76 8 d: 3 03 

1 Isoeorypolimne 

132 « d: £ 00 

d Tctmhj dro-palmatino HCl 

120 0 d: 4 90 

dl Tctrabydro-palmatino HCl 

121 5 db 6 £5 

I Telrabi*dro*palinatjne HCl 

HO 9 d: 7 SS 


Capnoidme and Z-isocorypalmine produced cata- 
lepsy in young monkeys as measured by the hanging 
response descnbed by Richter and Patterson (J 
Pharmacol &Exper Therap ,43.677, 1931), while 
other alkaloids in the same ammals did not cause 
this effect All the compounds stimulated the iso- 
lated guinea pig’s or rabbit’s uterus Capsunne, 
capaundine, isocorjdine, ochotensine, and cap- 
noidine inhibited the isolated rabbit’s intestines 
Protopine, corydaline, and Z-isocoiypalmine pro- 
duced stimulation of intestines in weak concentra- 
tions but inhibition in strong ones, the remaining 
alkaloids were all stimulating Fall of blood pres- 
sure was observed in etherized cats following in- 
travenous injection of each alkaloid The 3 optical 
isomers of tetrahydropalmatine were found to differ 
only slightly from one another in their pharmaco- 
logic effects 

The antispasmodic activity of substituted phenyl 
propyl piperidines T J Becker, Esteixe Anan- 
enko (by invitation), Gwendolyn Glenwood (by 
invitation) and L C Miller Research Laby , 
Winthrop Chemical Co , Inc , Rensselaer, N Y A 
senes of substituted phenyl propyl pipendines 
have been compared in vitro for their ability to 
reduce spasms elicited in smooth muscle by banum 
chlonde, acetylcholine and histamine This senes 
18 of interest since none of the comjxmnds are 
esters, all of them being either amines or amine 
alcohols Spasms were induced by banum chlonde 
and acetylcholine in stnps of rabbits’ ileum and by 
histamine in guinea pigs’ ileum The acute intrave- 
nous LDw of each compound has been determined 
in mice 

The basic structure of the twenty compounds 
tested IS 


Xi Xt H CHr-CHj 

111 / \ 

C— O— 0— -N CHt HCl 

11 I \ / 

X X, X« CHj— CHj 


X = H, C^, or C.Hu 
X = HorOH 
X, = H, CH, or CHjCH, 
Xj and Xi = H or CHi 


A previously unpublished method of evaluating 
the data of the antispasmodic tests afforded a quan- 
titative corapanson with atropine and papavcnne 
for the neurotropic and musculotropic effects, re- 
spectively Thus the activity of the compound 
where X, Xj, Xj and Xi equal H and X- equals CHi 
was found to be 120 per cent of that of pajiaienno 
and 0 66 per cent t^t of atropine When X was 
substituted by C|H| the activity was found to be 
ISO per cent that of papaverine and 0 66 jicr cent 
that of atropine Further, if X was now substituted 
by CtHn the musculotropic activity increased still 
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more, being 910 per cent llmt of piptucrino, how- 
ever, n loss in the noutropic nctivity wns Huffored, 
the cyclolic\yl compound lm\ ing only 0 32 per cent 
of the activity of atropine The effect of further 
substitutions on the basic structure will bo 
discussed 

The pharmacologj of a new series of choline 
salts FamLniCK K Bun (b\ invitation), and C 
jEnnnrT Cahu Dept of Pharmacoloyn, School of 
Medicine, Umvcriiln of Md The lutralo ester of 
choline perchlorate was prepared during an investi- 
gation of choline compounds in a jilant cvlract 
The paucity of information on the inorganic esters 
of this important base and the slalulitj of the per- 
chlorate salts of choline prompted an investigation 
of these compounds The perchlorate salts occur 
as white erystalUiic substawces having sharp melt- 
ing points They arc non-hygroscopic and are easily 
purified by rccry stalliration from hot watcroralco- 
hol Pharmacologically these aalts arc qualitatively 
similar to choline and acety 1 choline Acetyl choline 
perchlorate is equally’ as jiotcnt ns a depressor ns 
acety’l choline chloride and is more stable in solu- 
tion or as the dry cry stallinc form The nitrate ester 
of choline perchlorate is approvimatcly onc-lialf as 
potent as accty’l choline This compound is not 
affected by' choline esterase In varied experiments 
on smooth muscle of the rat, on the eye of the rabbit 
and on the blood pressure of the dog these salts 
compare favorably w ith the chlondcs or bromides 
of choline and acetyl choline and in addition are 
more stable It is suggested that because of their 
physical stability these salts may find applications 
in therapeutics 

In vitro development of P falciparum gameto- 
cytes Robert W Berliner (introduced bv James 
A Shannon) Research Service, Third Medical 
Division, Goldwater Memorial Hospital, and the 
Dept of Medicine, New York Univ College of 
Medicine, New York (Read by title ) Incidental 
to the development of a technique for the in V’ltro 
examination of antimalarials using Plasmodium 
falciparum it was observed that under certain con- 
ditions as much as 90% of the total parasite popula- 
tion may develop into gametocytes The factors 
concerned with the development of sexual from 
asexual parasites have not yet been fully eluci- 
dated It is clear, however, that the duration of the 
blood-induced infection in the parasite donor is not 
important Several physical and chemical factors 
influence the number of gametocytes that may de- 
velop Gametocyte production, for instance, is 
greater in cultures maintained at 37 °C than at 
39 6°C and greater in the plasma of certain indi- 
viduals than in that of others 

Since the onginal parasites in the cultures are 
only young ring forms, it is clear that the gameto- 
cytes are derived from the asexual cycle, any ring 
form having this potentiality for differentiation 


This different lation takes place at an early stage', 
sinco immature sexual forms are sometimes distin 
giiislmble at 21 hours At 48 hours morphological 
diffcrcnliatioii is distinct Although the tropho 
701 tes do not survive licyond a single 48 hour cycle, 
the maturation of the gametocytes continues for 
seven to ten days, at which time the gametocytes 
have developed to a stage indistinguishable from 
that normally seen in the peripheral blood of pa 
licnts with falciparum malaria This development 
lime eorrespomls closely to the interval between 
the appeamnee of trophoroitcs and gametocytes in 
clinical malaria due to this strain of P falciparum 
(Casta) [Ha'’cd upon icorl done under a contract 
recommended by the Committee on Medical Research, 
between the Office of Scientific Research and Develop 
tuent and A'cie 1 ork Unw ] 

Tlic in vitro assay of suppressive antimalarial 
nctivity P falciparum Robert W Berliner (in 
troduced by James A Shannon) Research Service, 
Third Medical Division, Goldwater Memorial Hos 
pitol, and the Dept of Medicine, Ncio Yorl Untv 
College of Medicine, New I ork (Read by title ) A 
method for assay mg activity m vatro should be use 
ful ns an adjunct in the study of the mode of action 
of antimalarial drugs By this means the effective 
ness of a drug may be evaluated without interfer 
ence from products of its metabolism which them 
solves may possess antimalarial activity The latter 
products may be studied separately with amoun s 
much smaller than those required for m vivo 


testing 

For this purpose, parasites have been grown y n 
modification of the method of Bass and Jo ns 
Plasma enriched with glucose is placed m sma , 
flat-bottomed test tubes The bottom of the tu e i 
cov'ored with a thin layer of red cells 
with P falciparum The drug to be tested is a e 
in vnry’ing concentrations to the plasma v 

tubes w ithout drug arc included as contro s in w ^ 
experiment The tubes are placed in 
at 39 5 degrees C in an atmosphere of 5% CUi, s ^ 
air Specimens for examination are w 
and 48 hours Differential enumeration ° ® 

sites from control tubes show s growth an 
tion of the parasites, with segmentation m a 
siderable proportion Reinvasion of re ce ^ 
multiplication of the parasites have not oe 


lerved -tivity, 

Many drugs known to have antimalaria “ 

vlien added to this preparation, produce in 
)f the normal maturation of the pa.rasi e 
imallest detectable inhibition genera J 
i plasma drug concentration of the same 
;hat known to be effective m vivo in pa 
acted with the same strain of parasi , , jy 
ipon work done under a contract the 

he Committee on Medical Research, between 
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Office of Sctenttfic Research and Development and 
New York Umv ] 

Concentration technique for detection of tropho- 
zoites of human malaria Robert W Berliner 
(introduced fay James A Shannon), Frederick S 
Bigelow, (by invitation), and ThosiasJ Kennedt, 
Jr Research Service, Third Medical Division, Gold- 
tcater Memorial Hospital, and the Dept of Medi- 
cine, New York Umv College of Medicine, New 
York (Read by title ) A method for the concentra- 
tion of malaria parasites utilizing 30% albumin 
solutions has recently been descnbed bj Ferrebee 
This method has been modified to permit the detec- 
tion of P vivax at a density below 100 parasites per 
cubic centimeter of blood This is in contrast with 
the usual thick smear techmque for which approxi- 
mately 10,000 parasites per cubic centimeter are 
required The method depends on changes in the 
density of the red blood cell produced by the para- 
site Consequently, it is of no lalue in the concen- 
tration of P malanae, nor, under ordinary circum- 
stances, of P falciparum However, preliminary 
studies indicate that the parasites m blood infected 
with P falciparum, when incubated 24 hours in 
vitro, can be concentrated to an extent approach- 
ing that attainable with P vivax 

The subinoculation of 200 ml of blood to umn- 
fected individuals has been used by Fairley for the 
detection of parasites at submioroscopio densities, 
to distinguish prophylactic from suppressive ac- 
tion The concentration techmque, studied as a 
substitute for subinoculation under similar condi- 
tions, has been found satisfactory for this purpose 
Bj the application of either the concentration 
method or the subinoculation technique parasites 
can be found 8i days after heavy inoculation with 
sporozoites in untreated individuals and in patients 
receiving full therapeutic doses of quimne or the 
highly effective SN 7618, 7 chIoro-4-(4 diethyl- 
ammo 1-methyl butjlamino)qmnoline The con- 
centration method has obvious adiantages oier the 
subinoculation technique [Based upon work done 
under a contract recommended by the Committee on 
Medical Research, between the Office of Scientific 
Research and Development and New Yorl Umv ] 

Pamaquin 1 Curative anfimalarial activity in 
vivax malaria Robert W Berliner (by invita- 
tion), John V Taooart (bj invitation), Charles 
G ZuBRQD, (by invitation), William J Welch, 
(bj invitation), David P Earle, Jr (bj invita- 
tion) and James A Shannon Research Service, 
Third Medical Division, Goldwatcr Memorial Hos- 
pital, and the Dept of Medicine, New Yorl Umv 
College of Medicine, New York (Read by title ) 
The cxpcnmcnts of James, recently confirmed bv 
Watson et al , indicate that pamaquin has prophy - 
lactic activity against infection with P vivax 
Work by Sinton, Dixon and others indicates that 
pamaquin also has some curative action on this 


type of malaria The value of pamaqmn for either 
use as a routine measure is limited bv high toxicity 
However, as a lead for the synthesis of new com- 
pounds possessing siimlar activities a reexamina- 
tion of pamaqmn seemed indicated Studies of the 
toxicity of pamaqmn, its suppressive activity in 
vivax and falciparum infections, and its curative 
activity in vivax malana have been performed 

The curative activity of pamaqmn has been 
studied using a strain of P vivax (Chesson) origi- 
nating in the Southwest Pacific Treatment with 
qmmne of pnmary attacks due to this strain is 
following by relapse within three months in more 
than 80% of cases Nine patients who received daily 
doses of 90 mg of pamaqmn and 2 grams of quimne 
simultaneously for 14 days have had no relapses in 
the mne months following their pnmary attacks 
Relapses have occurred m patients receiving 90 mg 
of pamaqmn daily followed by quinine and in 
patients receiving daily doses of 30 mg of pamaquin 
and 2 grams of quinine simultaneously The latter 
groups are too small for companson of their relapse 
rates imth that of the controls [Based upon work 
done under a contract recommended by the Committee 
on Medical Research, between the Office of Scientific 
Research and Development and New York Umv ] 

Cinchona alkaloids 1 Appraisal of suppressive 
antimalanal activity Robert W Berliner (by 
invitation), John V Taggart (by invitation), 
Charles G Zhbrod (by invitation), William j 
Welch (by invitation), David P Earle, Jr (by 
invitation) and Jambs A Shannon Research Serv- 
ice, Third Medical Division, Goldwater Memorial 
Hospital, and the Dept of Medicine, New Yorl 
Umv College of Medicine, New Yorl The suppres- 
sive antimalanal activity of a drug is that which is 
exerted against the erythrocytic forms of the para- 
site This activity IS amenable to quantitative 
appraisal using standardized blood-induced in- 
fections 

Blood-induced nvax (McCoy strain) malana is 
established in wholly susceptible patients and after 
4 days of fever, the agent under study is adminis- 
tered so as to approximate constant plasma drug 
levels for 4 days The effect is then measured by 
analysis of the subsequent course of temperature 
and parasiterma Three classes of effect are pos- 
sible Class I— no effect, Class II— partial or com- 
plete temporary disappearance of fex'er and/or 
parasitemia. Class III — "cure,” i e , complete dis- 
appearance of fever and parasites for 14 days, fol- 
lowed by recurrence of climcal malana after rem- 
oculation with same strain of malana 

The antimalanal effect of v'anous plasma quimne 
levels was studied in 30 patients Plasma quinine 4 
mg per liter or higher = 11 Class II effects and 1 
Class II effect, 2-4 mg per liter «= 13 Class II 
effects and 1 Class I effect, below 2 mg per liter =• 

4 Class I effects The cntical plasma quinine level 
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dmchng Class I and Class III cfTcclo is, thoroforo, 
bcUocn 4and6mg pcrhtcr Those rcsuUs const,- 
tutc a reference standard for mensurement of rela- 
tive suppressive anlimnlnnnl activity The test 
object IB lughly stable [Rased upon irorl done ««- 
dcr a contract recommended by the Comnnttre on 
Medical Research, belwen the Office oj Scientific Re- 
search and Development and New Yorl Unw 1 
The effect of mcthjl xanthines on urea excretion 
In rabbits FarornicK UmNni ,m (,\,fh the tech- 
nical assistance of Helen R Field) 2 kg rabbits 
•were kept m nitrogen cciuihbruini by feeding 500 
grams of carrots and a cabbage leaf a da> Thev ex- 
creted 0 9-1 0 grams of nitrogen and 0 7-0 8 grams 
of urea nitrogen dailj When 100 mg of caffeine 
citrate were infected subcutaneously twice a dav 
for two dajs, the total and urea nitrogen rose 
slightlj after the first day, tiicn dropped to 0 Sand 
0 4 gram rcspcctivcli , nnd then gradually returned 
to normal over a three day period When 100 mg of 
theobromine or thcophjlbnc were injected, no rise 
occurred after the first day and a drop to 0 3 and 
0 25 gram occurred after the second, followed In 
recovery Food consumption and urine volume re- 
mained constant Allantom, ammonia, and crcati- 
nme excretion w ere essentially unchanged 250 mg 
of pentnucleotide gave similar but not as marked 
results These experiments differ from those pre- 
viously reported in that the food intake was kept 
consbint and the diet produced an alkaline unne 

‘ncreased resistance to n 
lethal toxin of hemolytic streptococcus Alax W 
Bernheimer (by invitation) and G L Cantom 
Dept of Bacteriology, New York Univ Colleoeor 

JW.C.™, r„rl, N y a.i,kcDcpl TpV/. 

rorfe, N y It has been shown previously that 
animation to the isolated frog's heart of paHmlly 
culture Bupernates containing the oxygen- 
labile hemolysin of hemolytic streptococcus caLes 

^ ^ substance which inhibits the 

cardiotoMc and lethal effects of the propamtion 

3o?th 307,1945) IncJntinua- 

m ^ effect 

IL? a manner analogous to 

t^t of the frog s heart, it seemed possible tLt tlm 
jection of a sublethal dose of toxin would confer 
protection against a lethal dose injected at a later 

Extensive experiments have shown that the in- 
jection of a sublethal dose of toxin induces a slight 
but sigmficant degree of protection The protective 
response does not come on immediately but can be 
demonstrated within 6 hours after injection of the 
toxin It persists for 28 to 40 hours after which time 
the mice are again fully sensitive to the toxin The 
mture and specificity of the protective effect are 
being investigated [Aided in part by a grant from 
the Dazian Foundation for Medical Research ] 


»J»'™ "t “c n »" """mm 

nyflicm r c BAiiNFsnndR Bfutntr DcoU 

tUl Tt " Philadelphia (Rend by 

giimrol r"" ‘"i’ of 5% cholesterol in 

giiaicol was jilaccd in the cup of the oil cell im 

molded 200 c c of 0 9% NaCI (Biodynnmicnfi 

^ 325,1915 Fed Pro 
<910 ) 0 05% acetj Icholinc produced a phase 
Iwiindarj iKilcnt.al of 35 mv negative (model of 
ction current m nerve) 1 gram of CaCl, tos 
ground in a mortar with 100 c c of the 5% choles 
terol I n giiairol and the mixture placed in an oil cup 
i he outer aabnc contained 0 03% CaCi m 09% 
Aaci 0 05% nccly Icholinc produced 20 mv ne|a 
with 35 mv in absence of calcium) 

I lie evpcnmcnts suggest that the action current 
in riervo is a phase -Ixiundarj potential produced bj 
ace y rholine The blood calcium level determines 
1 C a nliij of acetylcholine to dissolve in the nerve 
il»id and produce action currents According to 
icidhorg (Physiol Rev 25 590, 1945) acetyl 
c 10 me acts on nervous tissue by its electrical po 
tontial (prev lously demonstrated in the oil cell) 
c experiments above explain the empincal ob 
Bcrvation of Bronk (J Kcurophysiol , 2. 3S0, 1939) 
t lat calcium can block sy naptic transmission 
The occurrence of considerable acety Icholine po 
tcntial in high calcium explains the pcrsistance of 
the spike potential under similar conditions Traces 
of inorganic ions do not have electrical effects in 
high concentration of NaCl of blood Calcium can 
decrease solvent properties of lipoid [Aided by 
grant from American Philosophical Society ] 

The cardiac toxicity of injectable local anes- 
thetics R Beutxer, Dept of Pharmacology, 
Hahnemann Medical College (Read by title) 
Schamp, Schamp and Taintcr maintained that roon- 
ocaino 18 four times more toxic than procaine for 
the cardiovascular system, although both drags 
ttre equally toxic to the respiration This asser 
tion 


tion was reached by comparing the mean 
doses of these two drugs in various animals respir- 
ing normally with the fatal doses in cats after 
artificial respiration In naturally respinng ani- 
roals death is due to respiratory failure, under 
artificial respiration cardiac failure is assumed to 
be the cause but this is a doubtful assumption 
Experiments have, therefore, been performed on 
the isolated heart of rabbits using a new im- 
proved technique by which the isolated heart 
wras kept beating for 10 hours Details of this 
method will be described later by its originator 
Addition of procaine HCl 1 100,000 had no effect 
on the amplitude of heart beat, monocaine HCl 
I 50,000 diminished the amplitude to one-half 
Monocaine had a slightly more damaging effect m 
that 1 100,000 dimimsbed the amplitude to some- 
what less than one-half As judged by the relation 
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of diminution of cardiac amplitude by either drug, 
monocaine is not qmte twice as cardiotoxic as pro- 
caine However, on the average, monocaine is 1 2 to 
1 5 times more potent an anesthetic than procaine 
(Tainter) Therefore, the somewhat greater cardio- 
tovicity of monocaine is nearly parallel to its 
greater anesthetic potency 

The hlood pressure lowering effect of local 
anesthetics used for injection R Betjtner and 
W C Dietkich (by invitation). Dept of Pharma- 
cology, Hahmenann Medical College of Phila (Read 
by title ) The fall of artenal blood pressure after 
spinal anesthesia w ith procaine is largely the result 
of peripheral vasodilation although other factors 
play a secondary role (B Kisch, 1943) Accordingly 
it was found that procaine injected intravenously 
in dogs which had been anesthetized with morphine 
and chloretone and atropinized (1 mg /kg ), lowers 
the blood pressure 14 to 32 mm , this was observed 
in 5 dogs This drop lasted only for 2 to 3 minutes 
and returned to normal thereafter In contrast, 
monocaine, a recently introduced isomer of pro- 
caine, in doses of 10 mg /kg injected intravenously 
in the same dogs, either was found to leave the 
blood pressure unchanged (as observed in 3 dogs), 
or it caused a temporary nse (as observed in one 
dog 31 mm after 10 mg /kg lasting 2 minutes, 
subsequently after 2 mg /kg of monocaine a rise of 
8 mm lasting 1 minute , in another dog the blood 
pressure fell after monocaine, but this was not re- 
versible and must be considered as central depres- 
sant effect — the dog died shortly afterwards) 

Most of the stronger local anesthetics also lower 
the blood pressure (to be dosenbed in detail later), 
excepting cocaine which however is unsuitable for 
injection due to its toxicity and narrow margin be- 
tween toxic and anesthetic dose According to our 
observations made so far monocaine seems to be the 
only local anesthetic which does not lower the blood 
pressure by penpheral vasodilation, and is also 
smtable for injection 

The least irritant of the commonijr used topical 
anesthetics R Beutnek and W C Dietrich (by 
invitation). Dept of Pharmacology, The Hahne- 
mann Medical College and Hospital of Philadel- 
phia Solutions of well known local anesthetics in 
various concentrations were instilled in th left 
eyes of rabbits every 15 minutes for eight hours 
continuously, or less if severe irritation was noted 
before eight hours had elapsed For control, dis- 
tilled water was instilled in the ejes of 3 rabbits, a 
slight irritation was noted Onlj irritation greater 
than that of water was considered Furthermore in 
order to check the sensitivity of the rabbits’ eyes 
the right cjo of the test rabbit was alwajs treated 
With mct\ came 5 or 10% This local anesthetic was 
selected as standard because it proved to be the 
least irritant one of all local anesthetics active on 
topical application to the cj e The ratio of the high- 


est non-irntant concentration to the mimmal anes- 
thetic concentration was determined as follows 
metycaine 44, diothane 24 (approximately) , cocaine 
22, butyn 6 5, tetracaine (pontocaine) 6, intracaine 
4, nupercaine 5 to 50 The higher this ratio, the 
more desirable is the local anesthetic for topical 
application (The “minimal” anesthetic concentra- 
tion 18 the one producing an anesthesia lasting only 
10 minutes, (Beutner and Calesmck) The above 
given ratio is hard to define for nupercaine since its 
minimal anesthetic concentration is subject to 
subtle influences, the slightest change in pH in 
either direction causes nupercaine to become very 
much less effective, hence raises the mimmal anes- 
thetic concentration (Beutner and Bradkow, Fed- 
eration Proceedings, March, 1943) 
Methemalbuminemia during combined therapy 
with pamaquine and quinine William D Blase 
(by invitation), Charles G ZuBRon (by invita- 
tion), and Morris Rosenteld Research Service, 
Third Medical Division, Goldwaler Memorial Hos- 
pital and the Dept of Medicine, New York Univ 
College of Medicine, New York A brown pigment, 
identified as methemalbumin, has appeared con- 
sistently in the serum of patients receiving pama- 
qmne and quinine in combination for the treatment 
of malana It is noteworthy that this disturbance 
in metabolism of the blood pigments did not anse 
in patients receiving either of the two drugs alone 
in the same dosage 

The pigment has heretofore been only roughly 
estimated on the basis of its absorption at 623 mu 
A far more intense absorption band at 405 mu noted 
in the present study proved to be more suitable for 
quantitative measurement Hcmatin added to 
serum in vitro yields the hematin albumin complex 
for which a tentative value of the molar extinction 
coefficient may be given as = 7 5 X 10‘ 

calculated per mol of hematin iron 
Methemalbuminemia progressively increased 
dunng 14 days of combined therapy with pama- 
quine, 90 mg /day, and quinine, 2 grams/day At 
the close of therapy serum levels in six patients 
ranged from 6 to 45 mg of hematin per liter with 
an average of 30 mg per liter 
Concurrent disturbances in pigment metabolism 
consisted in methemoglobin production in the red 
cells, increased feeal excretion of urobilinogen, and 
increased fecal and urinary coproporphj nn Meas- 
urements on methemalbumin time eurves in serum 
following intravenous injection of hematin and 
hemoglobin are in progress [Based upon wort done 
under a contract recommended by the Committee on 
Medical Research between the Office of Scientific 
Research and Development and New YorJ Univ ] 
13-2-4-46 — ^FP 5541 p 74S Take 2-S-5d Gal 6 
The determination of the most efficient response 
for measuring drug potency C I Bliss and B L 
Bartels (bj invutation) Yale Univ and Conneeti- 
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cut AgrxcuUuTal Expcrnncnl Slattoii, A^cw llaicn, 
Coxm In many experiments sevcml rcsironscs are 
available for measuring drug potenej The most 
efTicient is that for m Inch the dosage response cur\ c 
has the steepest slope (h) relative to the standard 
devuation (s) about the curve Instead of choosing 
a single response with a minimal ratio s/b from 
several possibilities, it is sometimes more cfiicicnt 
to use a weighted average of two or more nicnsiirc- 
menlsof the same basic reaction The most cfTicicnt 
combination can be tletermincd bv the aatistical 
device known ns the discriminant function 

The technique is illustmted with the data from 
experiments on several drugs A re examination of 
dntaon the rabbitassaj of insulin from hourlv re id- 
ings of the blood sugar shows that the different 
intervals are markedly unequal in the information 
they provide on the potenej of insulin '1 he appli- 
cation of this method to more extensive data 
should provide a revised bleeding schedule which 
would be both simpler and more cflieicnt Data on 
the assay of ergometrinc and of androstcronc j icld 
similar results 

Liver injurj and its influence upon the accfjl- 
choline splitting activitj of rat and dog R \\ 
Bkaueii and M A Root (introduced bv 0 
Krajer) Dept of Pharmacology, Ilariard Medical 
School, Boston, Mass The acetjl choline splitting 
activity of rat and dog plasma was followed after 
carbon tetrachloride administration (0 5-0 So cc 
per kg intrapcntoncally in rats, orally, in 1 volume 
of vegetable oil in dogs, administered everj other 
day) 

In growing rats during the period of most rapid 
growth (and fora week thereafter), plasma esterase 
levels and erythrocyte counts increase steadily, 
cholinesterase activity per red cell remains un- 
changed 

Carbon tetrachloride arrests grow th, or, in older 
ammals, causes weight loss After a latent period of 
three days plasma esterase activity decreases and 
is greatly depressed on the seventh day in compari- 
son with control animals of the same age or the 
same weight Erythrocyte counts or cholinesterase 
activity per cell do not change as a result of carbon 
tetrachloride administration 

In dogs, carbon tetrachloride produces an initial 
rise of plasma esterase, followed by a slow, irregu- 
lar fall 

Portal obstruction produces a gradual decline of 
esterase to a lower level 

Liver function tests indicate severe liver damage 
from the carbon tetrachloride, but not from portal 
obstruction 

These results suggest a relation between the pro- 
duction of the acetyl choline splitting enzyme of 
mammalian plasma, and liver function 

Cinchona alkaloids 4 Metabolic products in 
human urine Bernard B Brodie, John E Baer 


(bj invitation), and Lwian C Craio Hamch 
Service, Third Medical Diiision, Goldicalcr Memo 
rial Iloipital, and the Dept of Medicine, New York 
bnivcrsity College of Medicine, New Yorl , Rode 
feller Inet for Medical Research Metabolic prod 
nets of cacli of the principal cinchona alkaloids 
have been isolated from human urine The separa 
lion of the jirodiirts from each other and from tho 
jnn nt drug was based on differences in their parti 
tion roeflicK nts in different sj stems The metabolic 
products studied to date arc increasingly more 
water soluble with progressive metabolism This 
has permitted preliminarj separations bj succea 
Hive extraction of alkalinizcd unne with solvents 
of jirogrcssivclv higher polantj, viz, heptane, 
( ther and isoamjl alrohol bejiaration of products 
in each of these fractions maj then be made by an 
S plate eounter current distribution procedure 
(Craig) Coiniilctr ness of separation maj be re 
checked bj a multiple plate counter-current dis 
tribution procedure (Craig) Pinal purification 
and isolation may be achieved bj reerj stalhzation 
from appropriate solvents The following products 
have thus far been isolated and partially char 
acterizcd 


I Tom Cinchonine, 

Ci.lI.-O.N:— MP 2GS-270 Characterized as 2 
hydroxy cinchonine (J B Koepfli) 

Ci.H-.OiN-— MP 27S-79 Ultraviolet absorption 
suggests this compound is a derivative of 2 by 

droxj cinchonine with the additional oxj'gen in t o 

quinuclidine portion of the molecule 


From Qiiinxdinc, 

C-oH-iOiN:— AIP 235-fiO not sharp Solubility 
characteristics and ultraviolet absorption sugges s 


I 2 by droxy quinidine 

•oHnOiNr-MP 209-11 Solubility chaiacter- 
is and ultraviolet absorption suggest it i ere 
n quinidine because of an oxygen m 
auclidine portion of the molecule 
everal other products have been isolate 
; of quinine, quinidine and cinchonidine 
et absorption indicates that both 
ihonidine form 2 hydroxy denvatives u 
as yet, insufficient data to characterize 
iucts [Based upon work done a, 

mmendedby the Committee on Mediea ese 

icon the Office of Scientific Research and 
pment and Nexv York Umv ] ^ol m 

hemotherapy of tuberculosis I 
erimental tuberculosis in the pssex 

'DE Brooks Dept of Pharmacology, E ^ 
'.ege of Medicine and Surgery, Newarh , 

nea pigs were inoculated with adequa e 
>rulent strain of human tubercle baedb ^e^_ 
Y were divided into three groups , 

!ted , II, was treated with thymol from the tim 
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of inoculation, HI, was treated with thymol be- 
ginning three iveeks after inoculation 
All three groups were studied until results could 
he determined 

It was found that the thymol had no obvious 
injurious effects on the animals 
The treated animals lived longer and maintained 
their weight better than the untreated controls 
Animals which were treated early (group II) lived 
longer, and maintained weight better than ammals 
treated late (group III) 

Pathological observations on the bodies of the 
animals showed that the animals treated with 
thymol had less extensive tuberculosis than the 
controls, and also that those treated early had less 
extensive tuberculosis than those treated late 
The results indicate that thymol has a restric- 
tive effect on experimental tuberculosis in the 
guinea pig 

In general, these resulta ate in accord with those 
published by my former colleagues at the Umv of 
Alabama Ralph McBurney, Harvey Searcy, and 
Lomse Cason (Jour of Lahy and Clin Med 30 
32, 1945) 

Use of the latent period in studies on the agent 
of chicken tumor I W Ra.t Bkixn (by invita- 
tion) NationC'l Cancer Inst , National Inst of 
Health, United States Public Health Service The 
time elapsing between inoculation of chicken tumor 
I (Rous) agent and the appearance of a tumor at 
the site of inoculation, i e , the latent penod, is a 
function of the concentration of agent When the 
latent period is transformed to its reciprocal and 
the dosage of agent to its logarithm, a straight line 
relationship is obtained between these tno func- 
tions, also, the variance of the translormed re- 
sponses IS essentially the same at all dosage levels 
These transformations of the data, therefore, per- 
mit the analysis of results obtained v.ith the agent 
of chicken tumor I by simplified statistical 
procedures 

Since multiple inoculations of agent can be made 
on each experimental chicken, the precision of bio- 
assays can be increased bj use of a balanced experi- 
mental design and the segregation of vanations 
arising from different sources 

On the specificity of histamine and on the role 
of potassium in a loss of contractility of the in- 
testinal smooth muscle of the guinea pig G L 
Cantosi and G Eastman (by invitation) Depts 
of Pharmacology , Long Island College of Medicine 
end New York Unw College of Mcdvcvnc The 
isolated ileum of the guinea pig suspended in 
Tjrodc’s solution loses its capacity to contract in 
response to administration of histamine follow- 
ing administration of this drug in large doses 
(Barsoum, G S nndGaddum, J H,J Physiol 
85 1,1935) This effect lias been considered specific 
for histamine, is used in fact to identify it pharma- 


cologically, and IS attnhuted to blocking of special 
receptors on the effector cell 
The investigations here reported, however, 
reveal that, thia effect \e wet speciffe for hvetasaioe 
but exhibited also by a number of other unrelated 
agents capable of stimulating intestinal smooth 
muscle The response of the intestinal strip to a 
previously effective dose of acetylcholine, pilo- 
carpine, and banum chlonde is considerably dimin- 
ished following a maximal contraction produced 
by any of these drugs This condition of decreased 
contractility lasts about 30 minutes and is com- 
pletely reversible 

The intestinal strip reacts qmte differently to 
a maximal contraction produced by potassium 
chlonde This contraction is not followed by a 
penod of decreased response to a previously effec- 
tive dose of histamine or acetylcholine but rather 
by a penod of increased response to these and other 
agents A smaller increase in the concentration of 
potassium of the perfusion fluid, which does not 
by itself imtiate a contraction of the intestinal 
strip, IS capable of abolishing the state of temporary 
refractoriness which, as mdicated above, follows 
a large contraction produced by bistamme, acetyl- 
choline, etc The investigation is being extended to 
study with lodoacetate and other enzyme poisons, 
the possible explanation of the nature and site of 
this action of potassium [Aided by o grant from 
the Committee on Therapeutic Research, Council 
on pharmacy and Chemistry, A M A] 

The effect of thiamine-deficiency, quinidine, 
hyperthyroidism and hypothyroidism on the 
adenosinetriphosphate content and the adenosine- 
triphosphatase activity of the heart muscle of rats 
GraBah Cues and Y, M H. GmiaNO Dept of 
Pharmacology, The Univ of Chicago On a thiamine 
free diet rats which had developed severe de- 
ficiency syTnptoms and pathology of the myo- 
cardium , showed a considerable decrease both in the 
ATP content and in the phosphatase activity of 
the heart muscle 

In the heart muscle of rats, receiving quimdine 
orally (100 mg /kg twice daily ) more than a 
week, a slightly higher content of A T P was ob- 
tained There was no change m the adenosine tri- 
phosphatase activity of such a heart muscle The 
increase of the amount of A T P m the my ocardium 
appears to have occurred sometime after the elec- 
trocardiographic modifications, (prolongation of 
Q T interval and brady cardia) were produced by 
quvmdvae 

There was no significant difference in A T P con- 
centration and in the phosphatase activity of the 
myocardium of rats 30 to 70 days after thyroidec- 
tomy and animals 10 to 40 davs following daily 
oral administration of 500 mg Ag of desiccated 
thy roid The effects of hyTcrthy roidism and bypo- 
thy roidism on the heart were determined 



170 


FEDERATION PROCEEDINGS 


carclvogniplucally by the (nchycardia and the 
bradycardia and confirmed on aulopsj bj tlie in- 
crease and the decrease of licart wcirIiI 
Elcctrocardloftraphic chanfCcs of rata, dogs and 
monkejs rccohlng toxic doses of plnsmochin and 
the acid-labile pliospliatc content of the rat's 
mjocardium Graham Cm s, E M K Gihino 
and J 111 UAA Dept of Pharmacology, The Umv 
of Chicago Elcctrocardiograplnralij plasmoclun 
has been found to produce a prolongation of the 
Q-T interval nithout bradjcardia, an increase of 
the amplitude and occasionallj an iiuoraion of the 
T-navc in rats, dogs and monkc 3 s receiving 6 
mg /kg of the drug twice dailj’ b^ slomarh tube 
over a period from one to three weeks During the 
later stage of intoxication, liradjcardia also oc- 
curs These changes arc not permanent disap- 
pearing when tlie animal recovers after withdrawal 
of the drug Such electrocardiographic abnormali- 
ties arc not observed in animals in acute intoxica- 
tion even after a lethal dose of plasmoclun 
Coinciding with the electrocardiographic 
changes, it was found that in the mvocardium of 
rats there was an increase of the acid-labile phos- 
phate, as determined by the method for adenosine 
triphosphate (2 44 ± 0 28 for plasmoclun treated, 
1 C4 ± 0 22 for normal rats) 

In view of our findings of the stimulative effect 
of A T P on the isolated heart, whose activitj has 
previously been depressed by plasmoclun, this 
increase of the acid-labilc phosphate (A T P most 
likely) may be interpreted as a compensatory 
mechanism in counteracting the effect of plasmo- 
chin [IForA. done under contract xath the Office of 
Scientific Research and Development ] 

The joint toxicity of atabrinc and quinine, 
atabrine and plasmochm, quinine and plasmochin 
Graham Chen and E M K Geiuno Dept of 
Pharmacology, The Umv of Chicago The lethal 
toxicities of atabrine and quinine, atabrine and 
plasmochm, quinine and plasmochin were investi- 
gated by intrapentoneal injection in mice It was 
found that the three combinations of these anti- 
malanals are different in their joint toxicity 

(1) Atabrine and quinine act independently and 
similarly 

(2) Atabrine and plasmochin act independently 
but diversely 

(3) Plasmochin and quinine are ejmergistic m 
their joint action These effects satisfy the 
criteria laid down by Bliss in respect to the 
toxicity of poisons administered jointlj’- 
(Annals of App Biol 1939, Vol 26, 685 ) 

\Worh done under contract with the Office of 
Scientific Research and Development ] 

The effect of adenosine-triphosphate on the 
isolated heart Graham Chen, F Schueler, and 
E M K Geiling Dept of Pharmacology, The 
Umv of Chicago Adenosine-tnphospbate (A T P) 
produces an increase of the coronary flow and an 


increase of (ho amplitude, but no effect on the rate 
of foiilraction in an Holatcd licart preparation 
However, in a normal contracting heart, ATPwil] 
only slighllj increase the amplitude of contraction 
It is offeclivc after intocostrin and following pos 
(crior-pituilarj extract which causes marked 


coronary constriction 

Bj fortif j ing a licart w ilh A T P it will recover 
much sooner to its normal physiological activity 
after depression hj quinidinc, plasmochm, acetyl 
choline or potassium 'When the cardiac function 
has been scvirclj impaired by quinidinc or plas 
niochin, A T P will then restore the strength but 
not (he rate of contraction 

A heart weakened through fibrillation by toxic 
doses of cpiiiciihrinc, can he made to resume its 
normal rliy thmicity and contractility by A T P 
A T P will also increase the diastolic interval of a 
heart under the innucncc of digitalis However, 
the relaxing effect of A T P is only temporary in a 
digitalircd heart which has reached the stage of 
sy stolic arrest 

A T P differs from other cardiac stimulants m 
that it augments both the intensity and the cs 
pacity of cardiac contraction, principally the 
latter, the mechanism of its action probably lies 
in the cnrymatic reaction between ATP and 
myosin, which liberates the chemical energy neces 
sary for muscular acliv ity by the rupture of the 
energy -rich phosphate bond of A T P ^ 

Antithyroid activity of 21 compounds Iv E 
CnrN,PAUEN Harris, and Robert C Anderson 
(by invitation) Lilly Research Lahys , Indian 

apolis Assays were earned out in rats by Astwoods 

method (J Pliarmacol A- Exper Therap 78 7 < 
1913) with 24 organic compounds A control tot 
was made simultaneously with thiouracil 0 


results follow 


EflOKC 

conctrlraUon 

per cent 


Thiourncil 

Sodium Balt of 4 methyl thiouroal 

Diethyl thiobnrbitune acid 

4 Methy 1-5-cthy 1 thiouracil 

ThiouraciI-4 acetic acid 

Etliydcnc thiourea 

Ethyl ester of thiourea-4 acetic acid 

3 3 Dimcthylallyl-ethyl thiobarbituno acid 

Sodium salt of 4 phenyl thiouracil 

2 Mcrcaptobeniimidniolo 

2 Mcrcaptotluozolme 

1 Methylbutyl acetyl thiourea 
Sodium salt of 4 amino thiouracil 
g Methylallyl-ethyl thiobarbitunc acid 
Di n propy 1 thiobarbituno acid 
Thioiroidazohdone 2 

n Butyl 1 methylally 1 thiobarbitunc acid 

6-(l Methylbutyl) 2 (0 mcthylallyl) thiobarbituno 

aoid 

3 3 Dimcthylallyl-ethyl barbituno acid 

1 3 Dimethylbuty 1-ethyl barbituno acid 

Dimethyl barbituric acid 

Sodium Ettlt of 4 6-diammo 2 thiopynmidmo 

Pfieudothiohydantom 

l-Metbylallyl isobutyl thiobarbituno acid 


0 001 
0 001 
0 001 
0 001 
0 002 
0 005 
0 005 
0 005 
0 01 
0 02 
0 02 
0 05 
0 I 
0 1 
0 2 
0 2 
02 

06 
05 
0 5 

0 S 

1 0 
1 0 
1 0 
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6-Ethyl pseudothiohj dantom was inactive at 
the 1 per cent level The data on 4-methyl thio- 
uracil and diethyl thiobarbitunc acid are in general 
agreement with those of Chapman (Quart J 
Pharm 17 314, 1944) and Astwrood (Endocrinology 
36 72,1945) 

Pharmacology of flnoroacetate Matnabd B 
Chenoweth and AiiFREo Giuian Pharmacology 
Section, Medical Division, Chemical Warfare Serv- 
ice, Edgeuood Arsenal, Md Fluoroacetio acid 
(sodium salt, “1080”) is a valuable rodenticide 
(Science 102 232, 1945), pharmacologically un- 
related to other halogenated acetates Species 
variation m response to FA is e\treme Action of 
FA IS exerted on the heart and CNS Ventncular 
arhythrmas, marked ventncular alternation, myo- 
cardial depression and ventncular fibrillation fol- 
low FA administration in rabbits, goats, horses, 
rhesus and spider monkeys Convulsions always 
occur without parallel cardiac abnormalities in the 
dog and gmnea pig EEG of the dog under FA is 
charactenstio of petit mal The cat, pig, rat, ham- 
ster and rhesus monkey mamfest both cardiac and 
CNS responses to FA, but while the monkey always 
succumbs to the cardiac action, the others may 
succumb to respiratory depression or ventncular 
fibrillation 

LDm of methyl FA by any route is dog, 0 06, 
rabbit, 0 22, guinea pig, 0 35, pig, 0 40, cat, 0 5, 
goat, 0 6, horse, 0 5-1 75, hamster, 2 5-5 0, rhesus 
monkey, 4 0, rat, 5 0, spider monkey, 14 0 mg /kg 
Isolated rabbit and rhesus monkey hearts de- 
velop charaetenstic abnormalities after FA poison- 
ing, the rabbit at 0 0001 M and the monkey at 0 001 
M FA Marked protection against 0 01 M FA on 
rabbit and monkey hearts is obtained by substitu- 
tion of 0 007 M acetate or pj ruvate for glucose in 
the perfusate Analj ses of perfusate after poison- 
ing rev'cal that considerable amounts of acetate 
appear w hen glucose substrate is provided Lactate, 
pyruvate and total keto acid levels are not affected 
This agrees with data obtained earlier by Barron 
on other systems (personal communication) 

The irritabilit} of the human uterus as affected 
by various drugs George P Child (by invita- 
tion), R A Woodbury, Richard Torfin (by 
invitation), Walter G Watson (by invitation) 
and Louise Jarboe (by invitation) Dcpts of 
Pharmacology and Obstetrics and Gynecology, Univ 
of Georgia School of Medicine, Augusta Human 
utenne and cervical pressures and electroutero- 
grams were recorded simultaneously by the meth- 
ods described elsewhere in these abstracts (see 
Woodbury ct al ) Dysmenorrhea patients were 
very sensitive to pitressin, 0 2 vasopressor unit of 
pitressin liaving a greater oxytocic activuty than 
0 2 o\y tocic unit of pitocin These patients were 
alsovcrv sensitive to utenne distention Some pa- 
tients could tolerate a utenne distention of 
only 2 cc 


The spontaneous activity and the response to 
pitressin and distention were recorded before and 
after the admimstration of vanous sympathomi- 
metne drugs, parasympatholy tic drugs, magnesium 
salts, calcium salts, barbiturates, qmmdme and 
opiates 

Utenne imtability was reduced by ephednne, 
slow injection of epinephnne, beta-diethylamino- 
ethyl phenyl -alpha-thienylglycolate hydrochlonde 
(Stearns 600), beta-diethy lanunoethyl phenyl- 
alpha-thienylacetate hydrochlonde (Stearns 606), 
magnesium sulfate intravenously, and morphine 
In some patients calcium salts and pitocin reduced 
uterine pain by converting disorgamzed utenne 
activity into orgamzed contractions In other pa- 
tients some of the drugs had a more pronounced 
effect in reducing the pam without any marked 
alteration of the contraction pattern [Financial 
grant from Frcdenck Steams and Company sup- 
ported these studies ] 

Prothrombinopenic activity of the salicylates 
and pharmacologically related drugs Byron B 
Clark and Miriam Spitalny (by invitation) 
Dept of Physiology and Pharmacology, Albany 
Medical College, Union Univ , Albany, N Y 
Several investigators have reported that the 
salicylates may cause a decrease in plasma pro- 
thrombin activity This has been confirmed in 
animals, and further experiments have revealed 
several factors which augment this action It has 
been demonstrated also that other pharmacologi- 
cally related drugs have a prothrombinopemc ac- 
tion Prothrombin clotting time was determined by 
a modified Quick procedure using 20 per cent 
plasma The rat was found to be considerably more 
susceptible than the rabbit while the dog was qmte 
resistant, therefore, the rat has been used chiefly 
An assay of sodium salicylate, acetylsalicylic acid, 
and methyl salicylate on rats revealed that equal 
millimolar doses had about the same order of ac- 
tivity, although in some indivndual cases acetyl- 
salicylic acid was considerably more active The 
same was true in rabbits except that methyl sali- 
cylate was less active 

The prothrombinopemc action of sodium salic- 
ylate IS greatly augmented by expenmental hy- 
perthermia induced either by yeast injections, or 
exposure to high environmental temperatures, and 
by hyperthyroidism The data indicate that in- 
creased metabolism whether associated with fever 
or not increases the prothrombinopemc effect of 
sodium salicylate WTien alcohol and sodium 
salicylate are administered daily for three days, 
the reduction in prothrombin activity is con- 
siderably greater than that caused by alcohol or 
sahey late alone 

In addition to the three salicy lates examined, all 
of the following analgesic antipyretic drugs have 
been found to have prothrombinopemc activnty 
antipynne, aminopynne, acctamfid, acetophenet- 
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idin, and cinchophcn A eiinilar art ion hnn hcon 
reported for quinine (I A M A 128 1003, 1015) 
The cfTocts of df-isopropjl fluoropliosplmtc 
upon normal subjects and patients uilh mjns- 
thcnlagraMs Juuusll Comuou, Jn , Jons 'Toni) 
(by invitation), Gi ouot Gammon (bj iinilalion), 
Gnonar B Konir: (by invitation) and An fun 
Gilman Depts of Phormarology and hcurolagu, 
Unit) of Pcmisi/hanm Softool of Medicine, Phila- 
dclphia, ami Medical Jfrscnrch Lahv , Ldgcivood 
Arsenal^ Adininistralion of di i-^opropvl fliioro- 
pbospbato (DFP) in oil to luonty-tiio human sub- 
jects (0 7 to 3 0 mg inlrainuBcularlj or 2 5 to 
10 0 mg orally) rosnltcd in marked reduction in 
plasma cholinesterase aclivilj and slight decrenso 
in red coll CliE activity Plasma ChE did not re- 
turn to normal for several dajs or weeks, restora- 
tion of rod cell CliE required longer jicnods Single 
intramuscular injections of DFP in oil (2 mg ) had 
no consistent effects upon pulse rate, sjstobc or 
diastolic blood pressure, EGG, ballistocardio- 
gram, vital capacitj , or blood sugar in 7 normal 
subjects Repeated injections produced no changes 
in hepatic, renal or hcmatopoicctic function The 
most frequent undcsircd effects were gastroin- 
testinal 

Seven patients with myasthenia gravis were 
treated with DFP (2 5 to 210 mg over periods of 
1 to 150 days) The effectiveness of DFP was com- 
pared with that of neostigmine by a senes of ob- 
jective d 3 ’’namic and static muscle function tests 
and by electromyograms DFP relicv'cd the weak- 
ness of these patients for longer periods than did 
neostigmine but never to the same degree In these 
patients, plasma ChE was reduced to 0-10% by 
DFP with only partial improvement in muscle 
power W'hile neostigmine produced marked in- 
crease in power with decreases in plasma ChE to 
only 50-70% of normal Efficacy of drugs in the 
treatment of myasthenia gravis cannot bo deter- 
mined by their effects upon plasma ChE 

A simple method of recording uterine motility 
in VIVO BKAnroBD N Ckavee (by invitation), 
Patricia Seip (by invitation), Anne Cameron 
(by invntation), introduced by Fredrick F Yonk- 
man Dept of Pharmacology, Research Division, 
Ciba Pharmaceutical Products, Inc , Summit, N J 
A uterine horn of a rabbit or cat can be exposed by 
an abdominal incision paralleling the course of the 
horn as the anesthetized animal is kept supine 
The horn is brought out through the incision Two 
short, superficial sutures are so placed in the longi- 
tudinal axis of the horn, 180° in the transverse 
circumference from the point of suspension in the 
broad ligament, that they are equidistant from 
their respective ends of the horn and include be- 


• Cone under contract with Medical Division, Chemical 
Warfare Service 


twmi (licin approvimnlclj half of the free length 
of flic horn Those sutures arc then used toanchor 
the horn to the abdominal musculature on opposite 
fiidcsof flic incision A thread is then looped under 
the midjKnnt of the jiortion of the horn included 
Lctwot n liic two anchoring sutures The thread is 
then pulled up liirough a small, inverted funnel, 
fitted with a short stem of comparativol> large 
dininolor, and fastened to a recording lever, the 
funnel serves ns a moist chamber In such a prepa 
ration the lilood pressure and respiratory move 
iiients ma> be simuUnncously recorded This 
preparation jicrmits repented studies of uterine 
motility in the same animal if asepsis be main- 
tamed and a week lo ten days be allowed for heal 
ing, but if a carotid cannula be used for recording 
blood pressure, only two experiments arc feasible 
The actions of piluilrm, and various salts of epi- 
nejiiirme, histamine, py ribcnzaminc, pnscol 
(benzy limidarolinc) , trnscntinc and atropine in 
such a preparation arc reported 
Nerve conduction In the absence of chohnes- 
ternsc ncfivity induced by di-isopropyl fluorophos- 
phnle (DIP) rnFOEnicK Cresciteu-i (by mvita 
tion), GroRGi B Koeiee (by invitation) and 
Aifrid Giiman Pharmacology Section, Me iw 
Division, Chemical Warfare Service, Edgeicoo 
Arsenal, Md Using isolated cat and frog nerves, 
the action potentials of the A fibers were rccor e 
before and after local application of the irreversible 
anticholinesterase di-isopropyl fluoropiosp ® 
(DFP) DFP, like cscrinc base, in a 0 02 M con 
ccntration, blocked nerve impulses in 30-40 nun 
utes enough to cause a 70-05 per cent deerrase in 
the height of the action potentials beyond the re 
gion of application The portion of the ^rve 
mal to the block conducted normally Esenne 
icyJatc (0 02iM) m two hours caused no chang 
The esenne or DFP block was abolished by vvashmg 

the nerve with Ringer solution ^ ® '^^^.111 
DPF, merely lifting the nerve out of contact 

the drug abolished the block 
These experiments indicated that e 
action of DFP is not through its action as a 
cholinesterase To test this, into eac o 

frogs were injected 2 grams/kg o j.,. con- 

ventral lymph sac Another 12 frogs sciatic 

trols The action potentials of the 24 con ^ 

nerves and the 24 experimental , gor to 

significant differences, either to sing e s 
repetitive shocks up to 43 per secon ^PP .^^pen- 
minutes The cholinesterase activity o 
mental sciatic nerves, however, was ° 

2 3 per cent of that m the control 

figure is well within the limits of t e s 

for the cholinesterase determma imnulses 

eluded that nerve fibers can con ^ aj,. 

under the condition of essentia y 

sence of cholinesterase activity 
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Comparison of a chemical and a biological 
method for the assay of a purified digitalis prepa- 
ration Helen J Danou (by invitation), Donald 
R Mathilson (by invitation), Hakri W Ha^s 
( by invitation), (introduced by E Oppenheimer) 
Dept of Pharmacology, Research Division, Ciba 
Pharmaceutical Products, Inc , Summit, N J 
Digifohn, a punfied e'ctract of digitalis leaf, was 
assayed both chemically by the method of Bell 
and Krantz (J Pharm Exp Ther 83 213, 1945) 
and biologically by the USPXII cat method A 
tincture prepared from the U S P Reference 
Standard Poa der was used as the standard in both 
cases The results are summanzed in the following 
table 


Sample 

UeSJP 

Vmh/cc 

Btologtc 

ilethod 

USJP 

Vntls/cc 

Chemteal 

iielhod 

Chtm potency 
Biot patency 

A 

0 41 

0 25 

63 4 

B 

0 46 

0 31 

67 4 

C 

0 46 

0 36 

76 I 

O 

0 47 

0 33 

70 2 

E 

0 41 

0 31 

75 6 

F 

0 46 

0 31 

67 4 

G 

0 86 

0 60 

69 8 

H 

0 89 

0 61 

68 6 

I 

1 01 

0 69 

59 0 

J 

60 

32 S 

65 6 

K 

60 

32 0 

64 0 

L 

40 

25 6 

63 0 


Av 67 6 

The axerage chemical potency of the samples 
assayed was approximately 70% of the biological 
potency This discrepancy between the tuo meth- 
ods indicates that the determination of the un- 
saturated lactone groups is not necessarily a meas- 
ure of the biological potency 
This data aould indicate that the chemical 
method may be used as a supplement to, but not a 
substitute for, the biological method 
The anemia produced by paraphenylene-di- 
amine in dogs John Emerson Dams Dept of 
Pharmacology, Um» of Arlonsas, Litllc Rod 
Six dogs acre injected subcutaneously nith para- 
phenylene diamine dihydrochloride (30 rag per 
kgm ) Within a few hours, all dogs showed some 
form of apparently localized edema The edema 
manifested itself in the face of one dog, in the 
throat and nock of a second, and in 3 of the feet of a 
third dog In the other 3 dogs, the eyelids became 
very edematous, being swollen shut in 2 of the 
animals All dogs ultimately showed marked hyper- 
emia and signs of irritation of the tissues around 
the cy cs, w Inch persisted for sea eral day s One dog 
lost much secretion through the mouth, and died on 
the fifth da\ after injection 
Pour of the dogs dca eloped significant anemia 
Within 4S hours following medication with jjara- 


phenylene diamine In one dog, the ery throcy te 
number returned to normal within 5 days, but 
in 2 animals, the anemia persisted, and even pro- 
gressed, through the sixth day following medica- 
tion Normal erythrocyte counts were reduced 
m the 4 dogs by 23, 37, 44, and 54 per cent 
respectively Hemoglobin percentages were also 
reduced, but not so greatly, perhaps because of 
an active, acute hemoly tic process Ictenc indices, 
m 2 dogs, were elevated to values of 40 1 and 42 2 
on the fourth day after medication The anemia 
produced by paraphenylene diamine, in these ex- 
penments, appears to be a hemolytic anemia The 
problem is still under investigation 

A statistical examination of the sources of error 
in the assay of mydriatic drugs by means of the 
rabbit's pupil Edwin J de Beer The Wellcome 
Research Labys , Tucl ahoe 7, N Y Statistical 
methods were employed to determine the practica- 
bility of using the increase in pupil diameter of the 
albino rabbit’s eye as caused by mydriatic sub- 
stances as an assay method for this type of drugs 
A Latin square expenmental design was used and 
the results were subjected to an analysis of van- 
ance It was found that the curve relating the gam 
in pupil diameter was essentially a linear function 
of the log of the concentration Other tyqies of 
curvature were not sigmficant This is favorable for 
the setting up of a practical biological assay The 
experimental design used permits the segregation 
and estimation of the variation due to the difference 
between animals This was found to be relatively 
large On the other hand, the variation introduced 
by repeated use of the same ammals was not sig- 
nificant This indicates that neither increased sen- 
sitivity nor tolerance was developed and that the 
experimental designs to be used for the assay should 
favor the repeated use of the same animals Typi- 
cal assays were carried out and estimates of preci- 
sion based on the ratio of the standard deviation to 
the slope of the log concentration response curve 
have been obtained 

The carcinogenic activity of 2-acetaminoflno- 
rene Effects of concentration and duration of ex- 
posure Flotd DeEds and Robert H Wilson 
Pharmacology Division, Bureau of Agricultural 
and Industrial Chemistry, U S Dept of Agri- 
culture Wilson, DeEds, and Cox (Cancer Re- 
search, vol 1, Page 595, 1941) have shown that all 
rats receiving diets containing 0 031, 0 062, and 
0 125 per cent of 2 acetaminofluorenc (AAF) de- 
veloped tumors if they lived long enough It has 
now been demonstrated that all rats eating diets con- 
taining 0 016 and 0 OOS per cent AAF, and that fiv e 
out of SIX rats on a 0 004 per cent level developed 
tumors, but that none of the Cv e rata receiv ing the 
0 001 per cent diet showed effects that could un- 
questionably be attnbuted to AAF Decrease in 
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concentration increased the latent period for 
tumor development 

The effect of duration of exposure to AAF was 
detorminod by placing groups of rats on diets con- 
taining AAF for varjuig periods Tlic initial con- 
centration of AAF uas 0 125 per cent, but due to 
the poor condition of those animals still on the 
experimental diet the concentration uas lowered 
to 0 031 per cent after 61 days All rats rcccuing 
AAF for 76 days or more developed macroscopic 
tumors All rata receiving AAF for 50 dajs showed 
fewer, but typical macroscopic or microscopic 
lesions In the 25-day rats the lesions wore minimal, 
but there was nevertheless a definite carcinogenic 
effect Decrease of exposure time increased the 
latent period for tumor development 

Failure of o- or p-mononltrophcnol to produce 
cataract W C Dietuich (by in\itation) and R 
BEOTNEn Depi of Pharmacology, The Hahnemann 
Medical College and Hospital of Philadelphia 
(Read by title ) The production of cataract bj a- 
dinitrophcnol in human beings after prolonged use 
can be reproduced in very joung chicks in a fen 
hours (B H Robbins, 1944) By this method o- 
and p-nitrophcnol were studied and found to be 
devoid of that specific toxicity for lens tissue which 
characterizes the dinitro compound The cxpori- 
ments were performed on 7 days old clucks, kept 
for 6 days previously under uniform and controlled 
conditions, 3 groups, of 2S chicks each, were fed 
daily 20 grams of a commercial brand of chick food 
with 60 mg of the respective nitrophenol added 
(0 25%) The chicks fed with a-dinitrophcnol de- 
veloped a marked opacity of the anterior portion 
of the lens within 24 to 48 hours Four days later 
the opacity receded to the posterior portion of the 
lens Chicks on the o- or the p- nitrophenol diet 
did not show this peculiar opacity at all Chicks 
on a control diet without any nitrophenol gamed 
86% in 3 weeks The chicks on the o-nitrophcnol 
diet gained an average of 101% in 3 weeks, those 
on the p-nitrophenol gained 98%, but those on a- 
dinitrophenol only 31%! The latter group also 
showed a 1 to 4 degree F higher cloacal tempera- 
ture than either the drugless controls or the o- and 
p-nitrophenol fed chicks 

The absorption, distribution and elimination of 
different pharmaceutical forms of sulphadiazine 
R W Dingwell (by invitation) and E M Boid 
Dept of Pharmaeology, Queen’s Univ , Kingston, 
Canada Four grams of sulphadiazine were given 
orally to human volunteers in the form of tablets or 
an emulsion or an emulsion of microcrystals or an 
emulsion contaimng sodium lactate or an emulsion 
containing potassium lactate At intervals of 0 5, 
1, 2, 4 and 6 hours after taking the drug, samples 
of blood and unnewere collected Whole blood and 
plasma were analyzed for free and combined 
sulphadiazine Likewise and uncentrifuged and 


centrifuged urine were similarlj analjzed and the 
total \olume of urine noted The urinary sediment 
was Mowed microseopirally for signs of renal 
damage and n clinical record of the subject was 
kept At the time of v riting this abstract, in 
suflicient data were available to permit of definite 
conclusions The indications arc that some pharma 
coutical forms of sulphadauinc, cspcciallj the 
emulsions, arc absorbed more rapidlj than arc the 
table forms and there is evidence that a higher and 
more prolonged blood level is reached There were 
also difTcrenccs in urinary excretions which will be 
described 

Toxicit> and prlmarj irritation of some chemical 
compounds following oral administration and 
skin application John II Dhaize, Et>siE Alvarez 
(bj invitation) and MAniE F Whitfsell (by invi 
tation) Ditision of Pharmacology, Food and Drug 
Admimstralion, Federal Security Agency, 
tngion, jD C In the course of work on projects con- 
nected with the war cfTort, data on toxicitj and 
primarj irritation follow ing topical skin application 
was obtained for numerous chemical compounds 

The toxicity studies were conducted m the 
rabbit with intact and abraded skin following single 
(acute) or repented dailj (subacute) applications 
for varying periods of time (maximum of three 
months) In most cases the oral toxicity of the 
compound was determined concurrently Conclu- 
sion It IS impossible to predict toxicity by skin 
application from oral data and vice versa 

Data on primary' irritation to skm was obtained 
for Bcv oral thousand compounds submitted as pros- 
pective insect repellent candidates Compounds o 
similar chemical structure have a tendency to 
exhibit similar degrees of irritancy , however there 
wore sufficient exceptions to warrant the cone u- 
sion that it is imjxissible to predict potential s n 
irritation solely' on the basis of chemical structure 
[A portion of the funds used tn this invcslig^>^^ 
was supplied by a transfer, recommended by the om 
mitlcc on Medical Research, between the Office oj 
Scientific Research and Development and the iw 
Sion of Pharmacology of the Food and Drug 


mstration ] r i hn. 

Iiochemical studies on the toxicology o a P 

phthylthiourea (ANTU) K P ' 

ced by E M K Geihng) Univ of CMc ff 
xicity Laby Pleural effusion and ' jp 

eristically follow poisomng with the ro en i 
fTU (Richter— J Am Med Assoc 
:5) Marked carbohydrate 

0 been observed in rats and dogs (Du ois, 
yle — in press) The admimstration o ms 
•enal cortical extract decreases the ex , , 
od sugar changes Investigation of tbegly^ 

1 respiratory enzymes of lung tissue md^ 
■elationship between carbohydrate i 

1 lung damage Lungs from rats poisoned wn 
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ANTU show marked reduction rn cytochronuc 
oxidase and succinic dehydrogenase These find- 
ings are related to the effects of thiourea as used m 
the treatment of hyperthyroidism 
The effects of body-gassing with mustard vapor 
on the carbohydrate metabolism of dogs A J 
Dziemian (introduced by Paul Dumke) The 
Chmcal Research Section, Medical Dimsion, Chemi- 
cal Welfare Service, Edgewood Arsenal, Maryland 
Body gassing of dogs with mustard gas vapor caused 
a moderate hyperglycemia dunng the first two days 
after gassing, followed by a decrease to normal or 
hypoglycemic values by the fifth or sixth day after 
mustard The dogs may show a profound hypo- 
glycemia shortly before death 
Oral glucose tolerance curves are flatter than 
normal and have a plateau type shape Intravenous 
glucose tolerance tests on gassed dogs show a faster 
rate of disappearance of added glucose from the 
blood, which may in part account for the apparent 
increased oral tolerance The latter may also be 
partly caused by decreased intestinal absorption 
Neither the stomach emptying time nor the in- 
testinal motility are changed after mustard 
The increased intravenous tolerance is not 
caused by any decrease in the kidney tubular re- 
absorptive capacity, although an increased glomer- 
ular filtration rate and glucose clearance may 
account for some of the increased glucose loss 
Simultaneous arterial and venous intravenous glu- 
cose tolerance tests show that, in the head at least, 
there is no increase glucose utilization by the tis- 
sues after mustard 

A number of the effects described above are 
similar to those found after thermal burns 
2,3-DithioIpropanoI (“BAL”) as a specific de- 
toxifjing agent for arsenic Habbi EAont, 
Haboud J Maqnuson and Ralph FnciscHiiAW 
(introduced by E K Marshall) Venereal Disease 
Research Laboratory of the V S Public Health 
Service, Johns Hophins Hospital, Baltimore, 
Maryland I 2,3 Dithiolpropanol ("BAL") in- 
jected subcutaneously, intramuscularly, or intra- 
venously in aqueous or propylene glyol solution, 
proved effective in the treatment of acute and sub 
acute mapharesen poisoning in rabbits 

2 The antidotal action of BAL was rcfereable to 
its ability to remove the arsenical from its combina- 
tion with cells, with the excretion of the stable and 
relatively non toxic thioarsenite so formed Tryp- 
anosomes rapidly immobilized and apparently 
killed by arsenicals were resuscitated on the addi- 
tion of BAL, due to the removal of the bound 
arsenic from the cell Similarly , in rabbits injected 
with mapharsen. Lewisite or phenyl arsenoxide, 
the administration of B \L caused a stnking in- 
crease in the rate of urinary arsenic excretion, m 
some cases exceeding a hundred fold 

3 Although B\L was unstable in aqueous or 


propylene glycol solution, solutions in peanut oil 
could be sterilized by heat with only slight loss in 
activity TVith the addition of 2 grams of benzyl 
benzoate for each gram of BAL, the latter was 
miscible with peanut oil in all proportions 

4 Such solutions in peanut oil and benzyl 
benzoate injected intramuscularly proved effec- 
tive in the treatment of mapharsen, Lewisite and 
phenyl arsenoxide poisomng in rabbits 

6 The widest margin of safety between the effec- 
tive and toxic levels of BAL so admimstered was 
provided by a schedule involving four injections 
at four-hour intervals, followed in some cases by 
daily injections for six days On this schedule, 
individual doses of 1 to 10 mg per kg BAL saved 
more than half the animals injected with lethal 
doses of mapharsen, Lewisite or phenyl arsenoxide 
Since the maximum tolerated dose of BAL so in- 
jected was 35 mg per kg , the margin of safety pro- 
vided was sufficiently large to indicate the feasi- 
bility of Its human use 

6 This has been confirmed in more than 200 hu- 
man cases of arsenic poisoning treated to date 

Cinchona alkaloids 5 Physiological disposition 
of cinchonine metabolic products m man DAV^o 
P Eable, Jn (introduced by James A Shannon 
Research Service, Third Medical Division, Gold- 
water Memorial Hospital, and the Dept of Medi- 
cine, New York Untv College of Medicine, New 
York When cinchonine is administered, recovery 
from unne of cinchonine and isolatable metabofio 
products accounts for approvunately 85% of the 
dose Five per cent is recovered as cinchonine, 55% 
as carbostyril, and 25% as the second metabolic 
product BTien the carbostynl is administered, 
35% 18 recoverable as such as well as sizable 
amounts of the second metabolic product , the latter 
contains an additional oxygen on the qmnuclidine 
nucleus 

Absorption of cinchomne and its carbostynl 
(first metabolic product) is essentially complete 
Plasma protein binding of the carbosty nl is 52% 
at 2 mg of drug per liter and 4 grams albumin per 
100 ml plasma, as compared with 60% for cin- 
chomne The renal clearance of the carbosty nl ap- 
proximates that of renal plasma flow and is un- 
affected by alkali administration The maximal 
clearance of cinchonine is one third that of the 
carbosty nl and may be reduced to one sixth by 
alkali administration Plasma levels achieved by' 
the carbostynl are higher than those achieved by 
cinchonine (15 times higher at 0^ gram daily to 3 
times at 3 grams daily ), whether cinchonine itself 
or the carbostynl is administered Since plasma 
cinchonine levels arc very low for a drug not ex- 
tensively localized, the initial step in the metab- 
olism of cinchomnc is rapid Melabhsm to the 
second product proceeds at a slower rate [Ba^cd 
upon icorl done under a contract recommended by 
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the Comimltcc on Medical lictcarch, hrturen the 
Office of Scicultfic Research and Development and 
New Yorh Univ 3 

Pnmnquin 3 Occurrence of hcmolj tic nnominq 
David P EAmr, Jn (lij invitation), Pv ri n 
KnowOiTon (bj mviUUion), Jloiii nr W PimiMn 
(by invitiition), John V Taooaiit (1)> imitation), 
CiiAnu s G ZunnoD (bj mvilntion), Wiiuam J 
Welch (by invilntion), and Jami n A Siiannos 
Research Service, Third Medical Dnision, Gold- 
water Memorial Hospital, and the Dept of Medi- 
cine, New Yorl Univ College of Medicine, A'cio 
Yorl (Head title ) The tovicitj of inmaqnin 
involves the gnstro-iiitestinnl tract, tlio central 
nervous sjstcm and the elements of tlic blood 
Of these, acute licmoljlic anemia is the most 
serious hazard 

Pamaquin has been administered under close 
clinical supervision to 1C7 patients for from 3 to M 
days in dadj doses varying from 4 to 90 mg of the 
base An acute hemolytic anemia occurred sud- 
denly after 3 to 5 dajs of therapy in G patients, 
and developed slowlj in 1 patient after 7 dajs 
Recovery was invariably prompt upon uithdrawal 
of drug, although transfusions were deemed neces- 
sary in 3 instances No hemolj tic anemias oc- 
curred among 20 patients given less than 20 mg a 
day The G acute anemias occurred among 74 non- 
wbite patients receiving 30 mg or more per daj 
(1 received 00 mg ) Gradual liemolj tic anemia oc- 
curred once among 73 white patients given 30 mg 
or more per day (20 received 90 mg dailj ) There 
was no relation between the incidence of anemia 
and the plasma drug level nor the presence of 
malaria or fever Special studies were made in 23 
patients receiving pamaquin, 1 of whom developed 
acute hemolytic anemia None of the following fac- 
tors could be demonstrated to have a causal rela- 
tion to hemolytic anemia isoagglutinins, iso- 
hemolysins, autoagglutinins, cold agglutinins, 
methemoglobinemia, and resistance of erythrocytes 
to hypotonic saline and to mechanical trauma 
{Based upon work done under a contract recom- 
mended by the Committee on Medical Research, 
between the Office of Scientific Research and De- 
velopment and New York Univ ] 

The effect of certain new antihistamine drugs 
on bronchial spasm Fred W Ellis and James 
F Newsome (by invitation) Dept of Pharma- 
cology, Univ of North Carolina, Chapel Hill, 
N C Observations of the antihistamine effect on 
isolated perfused guinea pig lungs was made on 
the following compounds S-82 (/3-isopropylamino- 
ethyl benzhydryl ether HCI), S-150 (N-(p-ter- 
tiary-octylpheno\yethoxyethyl) morpholine HCI), 
S-164 (;9-ben2hydrylo\yethyltrimethylammonium 
p-toluenesulfonate), S-157 (4-)3-benzhydryloxy- 
ethyl -4-methyl -morpholinium p-toluenesulfonate), 
S-158 (/S-benzhydryloxyethyldimethylethylam- 


momurn p-toliionrsulfonatc), S 161 (j3 

bcrirh} dr> Iov>f (h>l- -hydrovjcthyl mcthjl 
nmiiu' HCI), S IGl (N-fl hjdroxjpropjiephcdnne 
mcthiodide) and S 160 (A p hjdroxjpropjlcphccl 
rmc) Ilronchinl spisin was induced bj 01 milli 
gram of histamine Uimn neoverj, antagonism to 
hiMtaminf' was determined bj injecting simul 
tnrieotislj into the perfusion fluid the same dose of 
histamine and 10 milligrams of the S compound 
S 82 was the most jiotent drug in this group 
Usitali} , It complctelj prevented histamine spasm 
and, froqiicntlj, produced a supenmposed dilata 
tioii S 15S and >S 151 wore not ns consistent and 
powerful ns S 82 S l'>7 and S IGl were partially 
effcetivc, and & 130 was almost completely in 
effective in antihistamine activity S-164 and S 166 
failed to show any degree of antagonism to 
histamine 

On intact dog lungs, Jackson's method was used 
to study the broncho dilator activity of the follow- 
ing drugs S 51 (^ dimethylnminocthyl benzhydryl 
ether HCI), S 59 (^ monomethylaminoethyl 

benzhydryl ether HCI) and S-S2 The animals were 
cither anesthetized w ith ether and pithed or anes 


thclizcd with pentobarbital and respiration was 
pamlyzcd with dihydro-bcta-cry throidine His 
taminc vvas injected intravenously in doses of 0 
to 0 3 milligram per kilogram and when the maxi 
mum effect occurred, 3 0 to 6 0 milligrams per 
kilogram of the S-compound were injected mtra 
vcnously S 31 everted the most marked antagonism 
to bronchial constriction and S-59 and S 82, w le 
showing a variable effectiveness, were of less po 


tcncy in relieving the induced spasm 

ECTccts of a bone marrow-spleen immune serum 
on the blood picture of mice G A Eviekson, 
Ewing and Thurlo B Thomas (by invitation 
The Univ of Texas Medical Branch, Galv^ion^ 
Preliminary to chemotherapeutic study o 
molets’ serum (“ACS", antireticular cytooxi 
serum, “REIS”, reticuloendothelial munun 
serum), we hav’e studied effects of an 
serum, prepared by repeated injection o mo 
spleen and bone marrow in rabbits, on t e 
picture of normal mice, splenectomized 
mice subjected to laparotomy as a sham opera 
The complement-fixation titers of 2 sera 
1 SO and 1 12S0, the stronger serum was 
most of the experiments in doses of 0 02- 
given intraperitoneally No precipitin s 
be elicited with vanous forms of t e jg. 

either serum Both were moderate y an i 
mentary Blood was exanuned for to 
white cell counts, reticulocytes, sma jgg 

lymphocytes, polymorphonuclears, m 
eosinophils, “basophils’, ^Nocon- 

smgle and repeated injections of hiehcr 

stant effects were noted with lower a 

doses which affect the white picture mod 
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severe macrocytic anemia n ith showers of reticulo- 
cytes was noted This was most marked in splenec- 
tomized mice Danger of a severe hemolytic anemia 
should be considered in the therapeutic use of 
so called blocking doses of ACS 

A comparison of the effects of streptomycin in 
the nutrition of the rat and the mouse Emerson, 
Gladys A and Smith, D G (introduced by Hans 
Molitor) Merck Inst for Therapeutic Research, 
Rahway, N J Weanling rats and mice were main- 
tained on purified diets contaimng 2500 umts of 
streptomycin per gram of ration Eats so treated 
showed signs typical of those observed in experi- 
mental biotin deficiency The administration of 
biotin resulted in resumption of growth and an 
alleviation of deficiency signs The change in coli- 
form count, a reduction followed by a return to 
normal, was similar to that seen nith succinyl 
sulfathiazole , however, the degree of depression 
was far greater Mice were reared on the strepto- 
mycin contaimng ration for a period in excess of 
three months The growth rate was the same as for 
the controls receiving the purified diet alone The 
animals appeared normal in all respects , further- 
more, the addition of dried liver to the ration did 
not further augment growth Streptomycin was 
without effect upon the total bacterial or coliform 
counts of the feces However, mice receiving a stock 
ration contaimng streptomycin showed a sustained 
reduction in intestinal rmcroorgamsms 
Growth requirements of endameba histolytica 
GiiAdts a Emerson and Eder Lindsay Hansen 
(introduced by Hamilton H Anderson) * Division 
of Pharmacology and Experimental Therapeutics, 
Univ of California Medical School, San Francisco 
E histolytica and organism “t” have been cultured 
in purified or semi-punfied media of varying com- 
position Amino acid nitrogen was provided by 
Difco proteose peptone, an acid hydrolysate of 
casein, or by mixtures of amino acids Nitrogenous 
bases, enzymiatic digest of liver (Wilson, Fraction 
L) and all of the know n vitamins were provided m 
some of the media All cultures contained rice 
starch grains, cholesterol, buffered physiologic 
saline, cysteine and methionine Maximum growth 
was obtained with media containing proteose pep- 
tone and the liver digest Mixtures of 8 or 18 amino 
acids were inadequate for continued growth The 
casein hydrolysate "was toxic in concentrations in 
excess of 0 6% An enzymatic digest of liver con- 
tained factor (s) (probably folic acid) necessary for 
the optimal growth of E histolyCica Rice starch 
was not replaceable by other carbohy drates Trace 
minerals w ere cither noncssential or w ere present 
as contaminants 


1 Wo nro indebted to the follon-ing indivtdu&Ia for mntcn&ls 
Hoed M S Dunn J J Eder D M nnd L D Greenberc E E 
Howe n D Ufihtbody H Mobtor nnd ELK Stokntnd 


Bactenum “t,” associated with E histolytica, 
grew in all media [The work described in this paper 
was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of 
Scientific Research and Development and the Univ 
of California ] 

Effects of a bone marrow-spleen serum on 
Trypanosoma equiperdnm infection in mice P L 
Ewing and G A Emerson Univ of Texas Medical 
Branch, Galveston Involvement of the reticulo- 
endothelial system in trypanosome infections 
(Pfeiffer and Tatum, J P E T , 53 358, 1935) sug- 
gests that a stimulant of the RES might be cura- 
tive Normal and splenectomized white mice were 
given a standard inoculum of Tr equiperdnm before 
and after treatment with ACS, an immune serum 
prepared by repeated injection of mouse spleen and 
bone jnarrowin rabbits Overa range of doses, there 
was no indication of a chemotherapeutic effect as 
measured by time of death Since this infection is 
fulminant, it is possible that exogenous stimulation 
of the RES IS only quantitatively ineffective Fur- 
ther studies to test this possibility are being made 
with the relatively bemgn Tr lewisi infection in 
rats [Part of this study was completed at the Untv 
of Wisconsin, Madison, through the courteous co- 
operation of Prof A L Tatum TFe are grateful also 
to the Smith, Kline and French Laboratories, Phila- 
delphia, for a grant-in-aid ] 

The action of dimethylamino-ethanol upon the 
heart-lung preparation of the dog A Farah (by 
mvitation) and 0 Krayer Dept of Pharma- 
cology, Harvard Medical School, Boston, Mass The 
erythrophleum alkaloids are esters of the mono- and 
di-methylaminoethanols It has been previously 
shown that these alkaloids have a positive inotropic 
action on the failing heart Ery throphleic acid, the 
acid component of the alkaloid eiythrophleine, has 
no demonstrable cardiotonic effect (Mating, H M 
and O Krayer, J Pharmacol and Exper Therap , 
in press) 

We have studied the action of dimethy lamino- 
ethanol on spontaneous nnd sodium pentobarbital 
failure in the H L P of the dog With doses of 70- 
150 mg per liter of blood there is a positiv e ino- 
tropic effect characterized by a fall in pulmonary 
and right and left auncular pressure, a decrease in 
the diastolic volume of the heart, and an increase 
in the sy stemic nnd coronary flow The heart rate 
IS not changed by therapeutic doses, while toxic 
doses (800-1000 mg ) produce aunculovcntncular 
dissociation The fact that the therapeutic doses of 
dimethy laminoethanol do not increase the heart 
rate sharply differentiates its action from that of 
adrenaline like substances Furthermore, the short 
latency penod observed with dimethvlamino 
ethanol differentiates the action of this substance 
from that of the cardiac gly cosides 

Moc and Krayer (J Pharmacol and Exper 



178 


FEDERATION PROCEI DINGS 


Thomp 77 220, 1943 ) Imvc shown Umt the nlKn- 
minca of Iho vemtrum alkslouls have a posituo 
inotropic action on the failing heart, but arc about 
300 times less effective than the eorrcsponding 
ester alkaloids Dimclhylaminocthanol is also about 
200-300 tunes less effective than the crj throphlcum 
ester alkaloids We ha\c tested the aeclatc, ben- 
zoate, and cinamatc esters of dimcthj lannno- 
ethanol but have not been able to dcmonstmlc any 
potentiation of action over that of the alkaminc 
The analgesic action of the racemates of I- 
amino-I-phthalidjlpropane hjdrochloridc Edwin 
J Fellows Temple Untv Sehool of Mahetne, 
Phxladelphta Since I-amino-I-phthalidjlpropane 
hydrochloride (I) contains two asj metric carbon 
atoms, two racemic forms and four optical isomers 
are possible In prcMOUS studies it was found that a 
mixture of the racemic forms of I, exhibited anal- 
gesic activitj During the course of subsequent ex- 
periments it was found that different samples of I, 
exhibited less analgesic activity than originallj ob- 
served It appeared possible that one of the race- 
mates of I, might be more active than the other and 
that the discrepancies noted in the recent samples 
of I could be explained by a decrease in the amount 
of the more active racemate in the mixture The 
present studies are concerned with detailed com- 
parisons of the pure racemates of I in animals In 
these experiments it was found that the high melt- 
ing racemate (A) of I manifested greater analgesic 
activity in rats and cats than the low melting race- 
mate (B) It also was found that the two racemates 
evidenced a qualitative difference in their action 
Racemate A produced an action which suggested a 
mixture of stimulation and depression of the cen- 
tral nervous system wrhercas a depressant action 
on the nervous system appeared to be the outstand- 
ing effect of racemate B 
Glucuronic acid excretion after various glycols 
Jean K Fellow's (by invitation) and F P 
LudueSa Dept of Pharmacology and Therapeu- 
tics, Stanford Umv School of Medicine, San Fran- 
cisco 15, California Using Deichman’s quantita- 
tive method (J Lab Clin Med 28 770, 1943) 
glucuronic acid excretion w'as determined for 2 to 3 
days in urines of rabbits receiving large and small 
doses of diethylene glycol monoethyl ether (“Car- 
bitol”)) diethylene glycol, ethylene glycol, glyc- 
erol, and propylene glycol Propylene glycol and 
“Carbitol” were administered gastrically and hy- 
podermically, all others, gastrically Significant 
increases in glucuronic acid excretion occurred only 
after propylene glycol (105 to 1185%) and “Car- 
bitol” (22 to 875%) Our negative results with 
glycerol and ethylene glycol and positive results 
with propylene glycol confirm those of Neubauer 
(Arch exp Path Pharm 46 133, 1901) and Miura 
(Biochem Ztsohr 36 25, 1911) Why “Carbitol,” 
a member of the ethylene series, should differ from 


the cUijlcnc and diethylene gljrols is not clear, 
but e\idcnccs from other studies in this depart 
ment indicate that l>oth “Carbitol” and propylene 
glycol are fairly readily disposed of m the body 

Production of calnracls in rats with beta letra- 
lol 0 Garth Iit/iiuoii Division of Pharma 
cology, load and Drug Administration, Federal 
Security A gcncii,]\ ashington, D C In a study on 
the chronic toxicity of beta tctmlol (1, 2,3,4 tetra- 
liydro beta naphthol) it was observed that this 
comjiound produced cataracts in rats in from 4 to 6 
weeks All rats on concentrations of land 2 per cent 
beta tctmlol in their diet developed cataracts In 
rats on lower concentmtions of the drug in the diet 
the time of development of the opacities was de 
laycd This experimental production of cataracts 
in the mt by a chemical may prove of value to 
ophthalmologists 

Data w ill be presented to show the relative toxic 
ity of different levels of beta tctralol in the diet 
Beta tctmlol was under investigation because of its 
insect repellent properties [A portion of the funds 
used in this inicstigation ivas supplied by a transfer, 
recommended by the Committee on Medical Research, 
between the Offiee of Scientific Research and Deielop- 
ment and the Diiiston of Pharmacology of the Foo 
and Drug Administration ] 

The effect of xanthines and pitnitrm on water 

loss DoROTin FL*LGnuM (by invitation) DoRorat 

Fitzwater (by invitation) and 0 S Gibbs Mcrn- 
phis, Tcnn Rats starved 24 hours fed 6% bo y 
weight of water lose 94% renally in 5 hours, t e 
remainder cxtm-renally provided the iwm tern 
pemture has not been or is over SOF Xant mes 
do not constantly change either figure but un ^ 
hot conditions (90F) may increase the extra-re 
water loss With water ingestion the resu ts ar 
harmless, as is the addition of sodium ,V_ 
cool weather, but under hot conditions su e 
death of the animals may take place It is V 
that this IS due to sodium chloride poisoning 
to a disbalance resulting from uncontrolle ex 
renal water loss While the action of 
decrease renal water loss materially , t e 
weight remains nearly constant with 
eating a corresponding increase of extra-rena 
loss In spite of this large and constant ® 
pituitrin injections do not appear as bazar 
large doses of caffeine presumably ^jg 

powerful diuretic effect on chlorides o i 
ride poisoning in rats simulates one type 
exhaustion and may be its fundamental cause 
use of pituitary extract in such condi ion 

indicated , of 

The tissue distribution and the ‘ 
antimony after administration o er 
qmnquevalent antimonials of 

(by invitation) and H B van ^ ,o^irgcons. 
Pharmacology, College of Physicians 
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New Yorl The tissue localization and the e'^ore- 
tion of the tervalent antimonials, tartar emetic and 
Anthiomahne, and the qumquevalent antimomala, 
Neostibosan and Stibanose, were studied in the 
hamster following single or multiple intrapentoneal 
injections Striking differences were observed in 
the behavior of the compounds For example, with 
the tervalent antimony compounds, 10-15 per cent 
of the injected antimonj is localized in the liver, 
w hereas with the pentavalent antimomals less than 
5 per cent of the administered antimony can be 
recovered from the liver Fifteen per cent of the 
injected tervalent antimony is evereted in the 
unne and 50 per cent is eliminated from the body 
by way of the gut, of the injected qmnquevalent 
antimony, about 70 per cent is excreted by the kid- 
ne> s and about 4 per cent is eliminated in the intes- 
tinal contents 

The relation of tissue concentration and distnbu- 
tion of antimony to toxicity and to chemothera- 
peutic effectiveness in experimental leishmaniasis 
will be discussed [IForA. done under contracl with 
the Office of Sctenbfic Research and Deielopmenl ] 

The diuretic-antidiuretic actions of posterior 
pituitary and sodmm chloride O S Gibbs and 
Dorotht Fulghuii (by invitation) Memphis, 
Tenn Male Wistar rats under standardized condi- 
tions confirm that hypodermic pituitnn at the tune 
of water feeding delays water excretion (40%) and 
increases sodium chlonde output, (300-600%) 
Under such conditions pituitnn is a water anti- 
dmretic and the most powerful chlonde diuretic 
known By raising the total sodium chlonde in- 
gested the amount excreted, which docs not exceed 
normal urinary concentrations, can be adjusted 
that the anti diuretic action on the water becomes 
reversed and a total diuresis results According 
therefore to the axailable sodium chlonde pituitnn 
can increase or decrease water excretion The possi- 
bilities inherent in this dual action of pituitnn 
seem entirely neglected in renal therapeutics As 
the effect of pituitnn is quantitatively greater on 
chlorides than water a bioassay method based on 
this function may bo practical The dual effect of 
pituitary offers companson with other anti-diuretic 
(water) drugs Morphine does not increase the 
chlorides in rats, and probabh does not act via the 
pituitary mechanism 

94% of orally fed water is excreted rcnally in 5 
hours The addition of NaCl to this water firstly 
results in a marked water anti-diuresis reaching a 
peak around 1% salt concentration, but accom- 
panied by n considerable salt increase Further salt 
addition reverses the anti-diuretic effect At 3% 
salt the renal water excretion may now exceed 100% 
of that administered /Vs this effect has not been 
produced by cq mol solutions of Li or KCl it is 
probably due to the sodium ion Xanthines, espe- 


cially caffeine, may potentiate either actions of 
pituitary according to existing conditions 

Comparison of cinchona alkaloids on the circus 
rate of the auricle in patients with auricular fibril- 
lation HarktGold, Walter Modell, Harold L 
Otto (by invitation), and Lawrence W Hanlon 
(by invitation) [with the techmeal assistance of 
Jenny Oppenheim (by invitation)] Dept of Phar- 
macology, Cornell Univ Medical College, and Car- 
diac Sermces of the Be(h Israel Hospital and Hos- 
pital for Joint Diseases, New York, N Y The 
effects of U S P qmmdine, synthetic quimdine, 
dihydroquimdine, and U S P quimne on the circus 
movement of the auricles were compared in pa- 
tients with auncular fibrillation Subjects were at 
bed-rest and in most instances digitalized Precor- 
dial electrocardiograms were taken before, and at 
2 hour intervals after the oral administration of a 
dose A sufificient number of F-F intervals were 
measured to obtain reliable average values Each 
patient received 3 to 6 doses of one or more of the 
alkaloids, ranging between 0 1 and 2 0 grams The 
maximum effect was present in 2 to 4 hours Dosage- 
response curves of percentage slowing of the circus 
movement proved to be sigmoid in shape The re- 
ports of compansons of the cinchona alkaloids in 
the literature indicate that they possess quantita- 
tive differences in their action, with the implica- 
tion that more of one than of another may be ex- 
pected to produce similar effects Previous investi- 
gators failed to establish the dosage-response 
curves for the vanous compounds The present 
study shows that those compansons were usually 
made in the range of dosage falling in the flat part 
of the curve The present study shows that while 
the vanous cinchona alkaloids slow the circus 
movement in the auncle, and some are more potent 
than others, the ceiling effect differs , it is as much 
as twice as high for some as for others The results, 
therefore, indicate that, whereas these compounds 
are interchangeable in therapeutics within certain 
ranges of action provided comparable doses arc 
given, there are other ranges of action in which the 
drugs are not interchangeable, irrespective of the 
size of the dose 

Further studies on the anticonvulsant proper- 
ties of tridione (SiSiS-trunethyloxazolidine- 
dione) Louis S Goodman, Ewart A Swintard* 
(by invitation), and James E P Toman Depts of 
Pharmacology and Physiology, Unto of Utah 
School of Medicine, Salt Lai e City, Utah Tndionc 
was further studied in mice, rats, rabbits, cats and 
monkey s to attempt elucidation of its highly spe- 
cific anticonvulsant action in the petit mal triad 
Ron-depressant doses elevated the mctrazol seizure 
threshold in all species more than did barbiturates, 
and single doses showed residual effects for 48 hrs 

* \9iDlhrep Kesesxth Fellow m Fhanoacology 
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Thresholds for "petit mal” EEG dj srhj thtnins 
ehcitablc by subcoiivulsant doses of niclnirol (rab- 
bits, monkeys) were markedly elevated b> fri- 
dione, moderately increased by phenobarbital and 
unaffected by diphenjdhjdaiiloiti The ICLG and 
neurological effects of depressant doses of (ridione 
were eompletelj reversible by metrarol, barbitu- 
rate depression was not similarlj reversible 
Tridione increased modcratelv the normal elec- 
troshock threshold in all species studied, in con- 
trast to diphcnj Ihj dantoin which was ineffective 
(see accompanying abstract) Tndionc elevated 
toward normal the mctnirol and electroshock 
thresholds cvpcnmcntallv lowered in ratsbj cellu- 
lar hydration due to acute c\trieclbilar clectrolj tc 
depletion (isosmolar glucose, i p ) Phenobarbital 
W'as equally cffcctiv'c and diplicnv Ihj dantoin less 
so Tndionc raised the threshold for nonconv iilsivc 
EEG responses to single cortical shocks (rabbits) 
The drug obliterated tonic extensor components of 
maximal electroshock scirurcs (nils, rabbits, cats) , 
but its effective index for this action was lower 
than that of phenobarbital or diphcnjlhj dantoin, 
and recovery from refractoriness and post-seirurc 
depression was not as rapid as after diphenjl- 
hydantoin 

Tridione selectively depressed multincuronal 
transmission in the spinal cord (spinal cats) with- 
out primarily affecting two-neuronal transmission, 
but it was less effective than bcnrimidarolc Mctra- 
zol reversed the cord effects of tridione 

The above studies are continuing and other oxa- 
zobdine-dione derivatives arc being examined 
{Aided by grants from the Research Fund, Umv of 
Utah School of Medicine and the Abbott Laby ] 

Studies on the anticonvulsant properties of di- 
phenylhydantoin Louis S Goodman, Ewart A 
Swinyard' (by invitation) and Jamfs E P 
Toman Depts of Pharmacology and Physiology, 
Umv of Utah School of Medicine, Salt Lai c City, 
Utah (Read by title ) Diplienylhydantoin speci- 
ficity in grand mal and psychomotor epilepsy 
prompted reexamination of its anticonvulsant 
properties in mice, rats, rabbits, cats, and mon- 
keys Diphenylhydantoin fails (a) to increase 
metrazol seizure thresholds in all species, (b) to 
prevent "petit mal” EEG dysrhythmias ebcitable 
in rabbits by subconvulsant metrazol doses, (c) to 
elevate normal electroshock threshold in all species 
(alternating or interrupted direct current and 
shocks of 0 1 to 10 sec ) , (d) to increase threshold 
for nonconvulsive EEG discharges in rabbits to 
single cortical shocks Toxic doses actually lower 
metrazol and electroshock seizure thresholds cited 
above 

In contrast, diphenylhydantoin elevates electro- 
shock seizure threshold (rats) lowered by cellular 


lijdritiori, although toxic doses syncrgizc with 
hjdnitioii to cause convulsions It also abolishes 
tome extensor components of maximal electroshock 
scirures (rats, rabbits, cats) produced by bnef 
supramaximal shod s Even toxic doses which lower 
normal electroshock sciniro threshold exhibit this 
action Desjnic increased seventy and duration of 
clonic comixinenls of maximal seizures, diphenyl 
by dantoin accelerates recovery from rcfractonncss 
and [Kist "eizurc depression Threshold for seizures 
produced by 10 sec stimulation is not raised by di 
phenvlhy dantoin but the convulsion (verifiable 
electroenccphalogrnphically ) is so shortened as to 
terminate v ithin the stimulation penod, and may 
be overlool cd 

Dipheny Ihy dantoin does not significantly modify 
the resting EI-G, but toxic doses produce evidence 
of excitation Also, after diphenylhydantoin, the 
EEG during maximal seizures exhibits reduction in 
voltage and frequency of surface negative spike 
discharges, despite the apparent seventy of the 
overt clonic seizure 

It IS suggested that diphenylhydantoin is dim 

cally effective either by raising abnormally lowered 

seizure thresholds or by reducing energy available 
for seizure discharges, or both [Aided by a grant 
from the Research I und, Umv of Utah School of 
Medicine ] 

The effect of cobalt on the antitubercnlar 
activity of nspergilbc acid Andres Goth (intro- 
duced by Donald Slaughter) Dept of Physiology 
and Pharmacology, Southwestern Medical Col ege, 
Dallas, Texas It has been reported previoi^b 
(A Goth.J Lab A. Clin Med 30 899, 1945 ) that 
ferric ions interfered with the antibiotic actw y 
of nspergilbc acid On investigating the e ec 
of other metals, it was found tliat the addition o 
cobaltous ions to various media greatly enhance 
the inhibitory properties of aspergilhc acid agains 
two human strains of M tuberculosis 

Cobaltous ions in a concentration of > 
or greater inhibit the grow th of M ^ubercu os 
In a concentration of 1 100,000 the m > 
activity of cobalt is very slight, but it mcr 
the antitubercular activity of aspergi ic 


nore than fourfold ly 

The potentiation of the antitubercular ac i 
)f aspergilhc acid by cobalt was especially ma 

n media of low iron content cobab 

Aspergilhc acid forms a red complex wi 
ous chloride When such a complex was 
ntramuscularly in a series of ten tubercuto 
ruinea pigs daily in the amount of ^ g^O, 
)f aspergilhc acid and 1 mg per kg o ’^tory 
t proved toxic as evidenced by 
ihanges at the site of injection and loss 
IS compared with ten untreated guinea p ^ 
The oxidation of tyramine in vitro 


» WJnthrop Research Fellow in Pharmacology 
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Goviee, Makt E Geeus, Naomi Yaez and 
Karl H Beyee Depl 0/ Pharmacology, Medical 
Research Division, Sharp and Dohme, Inc , Glen- 
olden, Pa Tyramine can be oMdized in rat liver 
homogenates with an oxygen uptake corresponding 
to three atoms of oxygen per mole of substrate 
Although the mechanism of this oxidation is not 
completely understood at present, it seems certain 
that the reaction is not entirely catalyzed by mon- 
amine oxidase, since monamine oxidase alone 
usuallj catalyzes the uptake of only one oxygen 
atom per mole Further support to this view 
IS given by the fact that the following components 
seem necessary for the uptake of three oxygen 
atoms monamine oxidase, a dehydrogenase, an 
intact cytochrome cytochrome oxidase system, 
and either an a-keto acid or an amino acid capable 
of being oxidized to an o-keto acid The finding 
that phenethylamine, which is usually dearmnated 
by monamine oxidase with an oxygen uptake of 
one atom per mole, is not oxidized to this extent 
by our system, is indicative of the dissimilarity 
of the reaction mechamsms 
Loss of potency of commercial insulin stored 
at room temperature R Lorimer Grant (intro- 
duced by John H Draize) Division of Pharmaco- 
logy, Food and Drug Adminislralion, Federal 
Security Agency, Washington, D C Samples of 
insulin injection, nhich at the time of their 
certification by the Food and Drug Administration 
contained 40 units per cc , nere assayed by a 
modification of the method of Bliss and Marks 
(Quart J Pharm &. Pharmacol 12 182, 1939) after 
storage at room temperature in Washington, D C 
from 15 days to 2 years Losses in potency for 
periods of storage up to 60 day s n ere not sigmficant 
The potency remaining was 85 to 90 per cent after 
4 months, 80 per cent after 1 year, and 70-75 
per cent after 2 years 

The response of the isolated frog heart to 
different barbiturates Charles M Gruber and 
Goldie Freedman Keiser (by invitation) 
Dept of Pharmacology, Jefferson Medical College, 
Philadelphia These experiments were under- 
taken to make an extensne comparative study of 
the effects of the barbiturates on the excised hearts 
of frogs (Rana pipiens) Each ammal was pithed 
and the heart exposed, and the tip of a modified 
Straub cannula was inserted into the ventricle 
The pressure nitliin the ventricle was kept con- 
stantly at 2 cm nater pressure 

Ringer’s solution was employed in perfusing the 
heart and keeping the outer surface of the organ 
moist The sodium salts of the following barbitu- 
rates dissoUcd in Ringer’s solution were used 
orfal, Seconal, araylal, pentobarbital, nconal, 
butisol, phcnobarbital, ciipal, \inbarbital, and 
barbital The effects of solutions of these drugs 
m 1/3000, 1/2000, 1/1000, 1/500, and 1/250 molar 


concentrations were observed in 388 experiments 
on 64 isolated frog hearts According to our findings, 
all of the barbiturates act qualitatively similarly 
but quantitatively differently upon the heart 
We also noticed that the heart rate usually, though 
not always, slowed simultaneously with the de- 
crease in the height of the contractions From 
the results of these expenments it seems possible 
to divide the barbiturates studied into three 
groups, (1) those with marked cardiac depression, 
ortal and seconal, (2) those with moderate depres- 
sion, amytal, pentobarbital, and neonal, and 
(3) those with mild toxic effects , butisol, pheno- 
barbital, evipal, vinbarbital, and barbital 

The effect on rats of daily-life span exposure 
to cigaret smoke H B Haag, J H Weatherby, 
Doris Fordham and P S Larson Dept of 
Pharmacology, Medical College of Virginia, Rich- 
mond Beginmng at neamng age, a group of 16 
white rats (12 females plus 4 males) was exposed, 
ina smtable chamber, to cigaret smoke every half- 
hour, fourteen times daily for their entire hfe 
span 

The smoke was generated by means of a multiple 
cigaret smoking machine constructed to simulate 
as closely as possible human smoking, approxi- 
mately one 35 cc puff per cigaret being drawn each 
minute and the chamber being evacuated of smoke 
between puffs 

One additional group of rats was kept as controls 
in the ammal room (“cage controls’’ ) w hile another 
(“smoke controls’’) was treated (except for the 
smoking) more or less similarly to the expen- 
mental (“smoked”) ones 

It was found that 

1 The average life span of the smoked group 
was 642 day s , of the smoke controls 544 , and of the 
cage controls 631 days 

2 Weekly weight determinations showed that 
the cage controls attained and maintained the 
greatest average weight, the smoked group some- 
what less, with the values for the smoked controls 
being intermediate 

3 Blood pressure determinations taken at regu- 
lar 2 month intervals showed no differences 
between the three groups 

4 Necropsy observations demonstrated no 
lesions particularly characteristic of any of the 
three groups 

The pharmacologic action of some derivatives 
of bcnzoylchoUne Carroll A Haxdlev Dept 
of Physiology and Pharmacology, Baylor Univ 
College of Medicine, Houston, Texas The p- 
nitro , p ammo , and p methyl- derivatives of 
benzoylcholine were prepared and their pharmaco- 
logic action studied These compounds resemble 
mcotmo quite closely in action In small doses 
they produce a rise in blood pressure plus respira- 
tory stimulation The effect on blood pressure may 



182 


FJODEIIATION rilOCEEDhXGS 


bo completely nboli*5hccl by blocKiiiR the nulonomic 
ginglm with nicotine Rcpcitod hirgc dosei of 
these agents will also block tlic ganglia Choline 
esterase docs not cause lijdrolysifl, and there 
seems to be no action pcnjihcral to the ganglia 
The compounds arc listed nboio in order of 
increasing pressor activitj 
EfTects of Senccioninc on the hamster and 
monkcj Pauu N IlAunis, K G Wakim and K 
IC CiiFN Lilly Research Labi/f and Inthnnn Umv 
Medical Center, Indianapolis Sciiocioiuno, an 
allcaloid of Scnccio vulgaris and S tnlrgcrnmus, 
was previouslj shown to cause death in mice with 
central necrosis of the In or, and in rats with 
lij poprothrombincnna Further investigation was 
earned out in 15 golden hamsters and 4 rhesus 
monkcj s bj intrn\cnous injection With the 
former, single doses of 70 to SO mg per kg resulted 
m prostration and death on second to fourth da> 
with necrosis of the liver, winch was predomi- 
nantly periportal Doses of 50 to G2 mg per kg were 
occasionally fatal with the same lesion in the 
liver Repeated injections of scncciomne, totaling 
30 to 75 mg per kg caused gradual depression, 
prostration, and death of all 4 monkcj a Three of 
them developed acute necrosis of the Iiier which 
was midzonal or periportal in tjpc Associated 
with the hepatic injury, there were increase of 
plasma prothrombin time and delation of serum 
bilirubin The liver of the fourth animal, for 
some unknown reason, was normal Senccioninc 
produced fatty degeneration of the kidnej-s of all 
4 monkeys 

The analgetic potency and acute toxicitj of 
Salicylamide and certain of its dcrirntives ns 
compared with established analgetic-antipjretic 
drugs E Ross Hart Jefferson Medical College, 
Philadelphia W’'ith minor modifications the method 
of D’Amour and Smith has proven suitable for 
demonstration of analgetic activity of all com- 
pounds thus far tried Using this procedure wuth 
the drugs being administered by stomach tube, 
the relative analgetic potencies of eleven com- 
pounds have been found to be as follows When the 
potency of Acetylsahcylic acid is arbitririlj' 
assigned a value of 1 0 the potency of Salicylamide 
becomes 7 5 , Diiodosalicylamide 5 3 , Sodium 
salicylate 3 6, Acetamlid 2 6, 0-AcetjdsaIicyI- 
amide 2 4, N-Acetylsahcylamide 2 2, Brorao- 
salicylamide 2 2, Antipynne 2 0, Acetophenetidin 
0 8, Aminopynne <0 6 

The lethal doses (LD 60) of these compounds 
when admimstered to rats by stomach tube range 
between 0 6 and 1 3 times that for Acetylsahcylic 
acid 

Since none of the amides produced convulsions 
as part of the intoM cation syndrome it appears 
that masking the carboxylic acid group with an 
amide in sahcyl compounds materially alters the 
action 


On the basin of these findings it would appear 
nd^inablc to investigate further this class of 
comjKUindn for useful analgetics 
The effect of dhsopropjl fluorophosphate 
(DIT) on neuromuscular transmission in normal 
{ndfiidunln and In patients with myasthenia 
gravis A McGniir IlAnvEt, Benjamin F 
JoM n, Samui u TAimoT and David Grob (intro 
duced bj Onnr Bodanskj ) Dcpls of Medicine 
and Ophthnlmnlogg, The Johns Iloplins Medical 
School, liallimore, Maryland The action of DFP 
on neuromuscular function has been studied in 
normal individuals and in patients wath loj'ss 
thenia grav is Muscle action potentials in response 
to BUpminaNimal stimulation of the motor nerve 
were recorded before and at intervals after the 
injection, and voluntarj motor power was tested 
bj means of a hand djnamomctcr 
When 1 5 mgm of DFP in 3 cc of phjsiological 
aalinc solution was injected into the brachial 
nrtcrj there was diffuse sweating over the forearm 
and hand Numerous spontaneous fasciculations 
appeared which liad the visual and electrical 
ciiaractcriBtics of single motor urut activity 
Pronounced motor weakness developed immedi* 
alclj in the injected area No change took place in 
the voltage of the muscle potential in resjwnsetoa 
single nerve stimulus, but the response became 
repetitive in nature Vi hen two stimuli were set up 
the voltage of the response to the second was 
reduced These effects of DFP reached thmr 
height in 30 to 40 minutes, and were still easiy 
detectable after 90 to 120 hours 

In patients with mjasthonia gravis a striking 
localized increase in muscle strength resu te 
No fasciculations appeared, and the chaiactens ic 
changes m the electromyographic records became 
normal The local return of strength remaine 
detectable for 8 to 10 days When 

was administered subcutaneously just pnor o 

intraarterial injection of DFP, the latter r 
produced no sustained improvement m 


pow or olpase 

The stimulating action of estrogen ^ r 

of luteinizing hormone Arthur A e 
and Eol 0 GEBEf Dcfl of fft.rm yW; 
Oklahoma Univ School of Medicine, 

City, and Harvard School of Denial ^ ® 
Boston, Mass The pituitanes of j^te 

rats, under normal estrogen ® * phys- 

moderate luteimzation in normal an y 
ectomized recipients On the other “ ’ gp 

pituitanes of adult female rats w fjor- 

influence has been previously remove a oy v 
ectomy, stimulate ^^^ensive luteimzab 
recipient ovaries This indicates tha , .gp^ 

mg factor is not liberated in tbeabsenceof est s ^ 
but remains stored w’ltbm the pi ui . js 
That estrogen releases the luteimzm .^ggj 

suggested also by the type respons 
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by pituitanes from oophorectomized adult female 
rats ■nhich have been injected with estradiol 
benzoate daily for 30 to 45 ^ys These pituitanes 
stimulate follicular development but no corpora 
lutea, the luteimzmg factor having been removed 
under the influence of the estrogen treatment 
Studies on the pharmacology of cholic acid 
Lloyd W EEazleton and Rebecca C Helleeman 
(by invitation) The George Washtnglon Unto , 
The KalusowsLt Memorial Research Laby , School 
of Pharmacy, Washtnglon 6, D C In view of the 
fact that cholic acid produces catharsis in mice 
while other bile salts do not, a study to more 
completely evaluate this compound evpenmentally 
was imtiated Data obtained to date indicate 
that intravenously cholic acid, as the sodium 
salt, IS relatively nontoxic although the transient 
lowering of blood pressure is greater than that with 
comparable doses of dehydrochlolic acid After 
intravenous doses of 50 mg /kg in dogs the chol- 
eresiB from sodium cholate is comparable to that 
from sodium dehydrocholate in volume, but the 
total solids and bile acid content are markedly 
greater Maximum choleresis occurs within the 
first hour after intravenous admimstration but 
can be maintained by repeated admimatrations 
over a long periocl of time A relatively high per- 
centage of the admimstered cholic acid can be 
recovered from the bile during the period of chol- 
cresis 

Concurrently with the dog expenments dis- 
cussed above, expenments using rats are being 
conducted It has become apparent that ancs- 
thesized rats are convenient for multiple acute 
experimentation The flow of bile is higher per 
kg of body weight in the rat than in the dog and 
quantities sufficient for chemical analysis are 
easily available Insufficient data are available 
to make an accurate companson but it is believed 
that the rat may be useful in at least preliminary 
testing [Acl nowlcdgmcnl is made of a grant from 
the Proprietary Association in support of this 
study 5 

Evaluation of uterine antispasmodics Russell 
A Hugoins (by invitation) and R A 'WoonnunT 
Dept of Pharmacology, Univ of Georgia School of 
Medicine, Augusta In humans symptoms and 
tmcings typical of dysmenorrhea cannot be pro- 
duced by acetylcholine, histamine or pitocin, 
but were produced with pitressin and distention 
of the uterus (See these abstracts, Woodbury 
ct al ) Accepted and proposed uterine antispas- 
modics were tested in animals where uterine activ- 
ity was induced by pitrcssin and distention or 
stretch of the uterus Many of these animals were 
pretreated with stilbcstrol to increase the irrita- 
bility of the uterus 

In iinancsthetircd dogs and rabbits uterine 
pressures and action potentials were recorded 


optically from an intra-utenne balloon and silver 
chlonde coated electrodes Ephednne, Trasentm, 
Pavatrine, morphine, beta-diethylaimnoethyl 
phenyl alpha-thienylglycolate hydrochloride 
(Stearns #600), beta-diethylaminoethyl phenyl- 
alpha-thienyl-acetate hydrochlonde (Stearns 
#606), Priscol and magnesium sulfate were evalu- 
ated as uterine antispasmodic agents where ex- 
cessive activity was produced by pitressin or 
distention 

Many of these drugs were evaluated by the 
uterine bath method substituting pitressin or 
uterine stretch as a measure of inducing activity 

Potention of the depressant action of alcohol 
by adrenalin H R Hulpieo and V V Cole 
Dept of Biochemistry and Pharmacology, Indiana 
Univ School of Medicine, Indianapolis The 
depression produced by alcohol closely parallels 
the concentration found in the brain, and blood 
alcohol always mirrors brain alcohol The capil- 
laries of the brain must, therefore, be completely 
permeable to alcohol These facts form the basis 
of chemical tests for intoxication Potentiation of 
the action of alcohol by previously admimstered 
adrenalin has been described by U Fnedemann, 
who explained it as increased permeability of 
brain capillanes and named it “auxoneurotropic” 
action Our experiments confirm such a potentia- 
tion but force us to a different interpretation If 
Fnedemann’s explanation be true, normal brain, 
capillaries are incompletely permeable to alcohol, 
and it might be argued that any unusual behavior 
after drinking resulted from release of adrenalin 
due to excitement Therefore, we studied the 
distribution of intravenously' injected alcohol 
alone, and after adrenalin For a short time, the 
muscles of rabbits, previously given adrenalin, 
contained almost no alcohol, while the concentra- 
tion in their blood and brain remained high In 
contrast to this, equilibrium was rapidly estab- 
lished between blood, brain and muscle in the 
controls We also found that the dose of adrenalin 
necessary to produce an “auxoneurotropic” effect 
was far greater than that released in the body 
Furthermore, it has long been known that largo 
doses of adrenalin wall cause temporary vasocon- 
striction in skeletal muscle Thus when distribu- 
tion IS correlated w ith the known actions of adrena- 
lin, it is evident tliat the "auxoneurotropic” 
action of adrenalin, it is evudent that the “auxo- 
neurotropic” action of adrenalin can be explained 
by alterations in circulation 

Inflncnce of altered acid-bnsc balance and 
anoxia upon the physiological disposition of 
certain antimalarial drugs Jesren W Jaileb, 
(by invitation), CnARLEs G Zennon (bv invnta- 
tion),MonnisRosEXTELDandJAX!ES 4 Shannon 
Research Scriicc, Third Medical Diiision, Gold- 
icaler Memorial Hospital and the Dept of Medicine, 
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FEDERATION PROCEEDINGS 


New York Umv College of Mcdietne, New Yorl 
An ncutc nUcmlion in ncicl ln<io li'ilnnco witli 
reduction of blood pll to G 8 rcBuUcd in n two to 
three-fold olevntion in pliiBiivi lo\cl of quiimcrinc 
and SN-7G18 In tjpic'vl expcnmcnti, one hour 
exposure to 10 per cent carbon dioxide in oxjgen 
administered intratnclieallj to dops raised plasma 
quinacnne concentration from 859 to 1 12 gamma 
per liter, plasma SN-7G18 from 113 to 230 gamma 
per liter 

Severe anoxia nifli reduction of blood oxxgcn 
content to S xol per cent exerted no aignificant 
ctTect upon plasma drug concentration Ulood pll 
was maintained constant because of carlion dioxide 
absorption in the rebrcathiiig circuit 

Chrome acid-bnse changes induced in man bj 
oral ingestion of alKahnc and acid salts vcrc nmm- 
fested primarily upon renal excretion of the drugs 
Elcxation of urinarj pll promoted drug retention, 
reduction in pll favored excretion Sodium bi- 
carbonate in dailj dos.ige of 20 grams reduced 
quinacnne excretion to 0 2 per cent of the ingested 
dose, ammonium chloride, at 8 gnims dailj , niiscd 
excretion to 1 per cent The plasma drug lead re- 
mained unafTected since urinarj excretion repre- 
sented at most a minor fmction of drug intake 
With SN-G911, nhcre unnarj output nas changed 
from 9 per cent to 75 per cent, the plasma lead 
revealed a correlated cj do, rising during the alka- 
line phase and falling during the acid phase of high 
excretion Renal output of SN-7G18 reacted simi- 
larly to that of SN-G911 [Based npo7i uork done 
under a eontrael recommended by the Committee on 
Medical Research between the Office of Scientific 
Research and Development and New York Umv J 

R61e of methemoglobinemia in protection 
against and treatment of inhalation poisoning by 
HCN and CNCl Biirnard J Jandorf (bj invita- 
tion) and Oscar Bodanskx Biochemistry Section, 
Medical Division, Chemical Warfare Service, Edge- 
wood Arsenal, Md Chen et al (Am J Med Sci 
188 767, 1934) and others have shonn that intra- 
venous injection of nitrites, immediately following 
subcutaneous injection of NaCN, resulted in an 
antidotal effect, presumably by competition of the 
methemoglobin so formed with tissue cytochrome 
oxidase for the cyanide It was of interest to de- 
termine the extent to w'hich this competitive reac- 
tion was effective in inhalation poisomng by HCN 
or CNCl, (a) w'hen sjnnptoms of poisoning were 
established prior to amyl mtrite administration, 
and (b) when p-aminopropiophenone methemo- 
globineima was induced before inhalation of lethal 
doses 

Amyl mtrite (0 3 cc ), admimstered by inhala- 
tion to dogs 30 to 45 seconds after exposure to 1 to 
2 lethal doses of HCN, had no sigmficant effect on 
their mortality This treatment reduced sigmfi- 
cantly the mortality of dogs exposed to 1 to 2 lethal 


doses of CNCl from {J to A, but was ineffective 
ngninst higher concentrations Large groups of 
mire, exposed to 1 to 2 lethal doses of CNCl fol 
lowed by amyl nitrite inhalation, also showed 
nignificantly higher survival rates than untreated 


mire 

Methemoglobinemia pre established by p ammo 
propiophenone protected dogs against subsequent 
exposiircH to IICN and CNCl The degree of pro 
tection was roughly proportional to the degree of 
methemoglobinemia, thus, 50 per cent methemo 
globin protected dogs ngninst 40 lethal doses of 
IICN The pro established methemoglobinemia 
protected against the systemic effects of CNCl 
poisoning, but the degree of protection was not as 
marked ns against IICN because of the subsequent 
development of pulmonary edema 

R5Ie of the placebo in tests for drug discrimina 
tlon E M JiixiNt-K (by invitation) YaleUniv, 
New Iltticn, Conn Each of 4 Analgesics and placebo 
w ere tested at least 4 times on each of 700 indivad 
uals with chronic headaches Analysis of the data 
show cd that the usefulness of placebo in such tests 
goes far beyond the usual jiroccdurc of establishing 
the percentage by which a given analgesic majr 
exceed the effect of placebo A consistently re 
curring conijilcx of factors shows that reactors to 
placebo lack the basic conditions for drugdiscnm 
ination and that the relative potency of analgesics 
can be established only on indivnduals who on 
sev oral exposures to placebo do not react to it 

A comparative study of substituted pheno ic 
urethanes Norman W Karr (introduced by 

Benedict E Abreu) Division of Pharmacology ana 

Experimental Thcrapcxilics, Univ of Cal^omta 
Medical School, San Francisco Three 
urethanes previously' compared withneostigm 
and physostigminc (Fed Proc , 1 154, 1942) v 
been studied further with respect to their ac ivi 
on a paraly zed skeletal muscle These 

arc (1) m-isopropyl-p-dimethyl-amino-p 

methyl-urethane methiodide, (2) P 

ino-carv'acrol-dimethy’I-uretliane methio i 
(3) p-dimcthy'lamino-thymol-dimethy -ure 

methiodide They' differ from neostigmine 
the substituted uretlianc group and the ^ 
amino mtrogen are in para position ra e 
meta and aliphatic side chains are adde m 


and me ta positions tpdonthe 

Action on skeletal musculature was tes 
tibialis anterior of intact anesthetize 
dogs, stimulated 30 times per minute m 
motor nerve The paralyzing agents us . 
/3-erythroidine and dihydro-^ erythroi 
the five agents was capable of tp oniount 

paralyzed muscles, but they chffere m 
required and the speed with whic rec 


1 SuppUed by Hoffmann Ln Eooho, Inc 


Nutley# N J 
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brought about The order of effectiveness vras 
compound (1) greatest, compound (2) and ne- 
ostigmine about equal, and compound (3) and 
physostigmine much less 

Acute toxicity in mice was deterimned by sub- 
cutaneous injection and the compounds fell in this 
order of decreasing toxicity compound (1) 0 0015 
mg /kg , compound (2) 0 004 mg Ag , neostigmine 
0 01 mg Ag , compound (3) 0 015 mg /kg , and 
physostigmine 0 03 mg /kg Acute oral toacities m 
mice fell into a different order, suggesting differ- 
ences in the degree or rate of absorption The most 
toxic orally was neostigmine 13 5 mg /kg , followed 
by compound (1), 39 8 mg /kg , physostigmine, 
47 mg /kg , compound (3), 77 5 mg Ag i and com- 
pound (2), 95 mg Ag 

Acute subcutaneous toMcity in dogs was esti- 
mated by injecting one ammal with each compound 
in doses which increased 50 per cent daily Lethal 
doses, in order of decreasing toxicity were com- 
pound (1 ) 0 153 mg /kg , compound (2) 0 345 
mg Ag I neostigmine 0 769 mg Ag > physostig- 
mine 1 138 mg /kg , and compound (3) 4 60 
mg Ag All fi\e dogs showed salivation, defeca- 
tion, respiratory embarrassment, and muscular 
twitching before death, and hemorrhage of the 
bowel mucosa at autopsy There were no other 
sigmficant gross nor microscopic changes [Aided, 
in part, by a grant from Merck and Company, Inc , 
Rahway, N J ) 

Curative effect of plasmoquin in plasmodium 
lopharse Infecthns F E Kelset, Fbakces K 
Oldham and A L Gittelson Dept of Pharma- 
cology, Untv of Chicago Result of experiments to 
obtain a parasitic cure in Plasmodium lophurae in 
chickens with various antiraalarial drugs are 
presented The strain was maintained for over a 
year by bi weekly transfer into 5 day old birds, 
and used concurrently for assay of suppressive 
activity For curative tests, birds were fed the 
drug incorporated into diet for 2 weeks, commenc- 
ing two w eoksafter inoculation with infected blood 
Two weeks after discontinuation of the drug 2 cc 
of blood was withdrawn from each bird and one cc 
injected into each of two 5 day old chicks Prelim- 
inary expenments with dilutions of infected blood 
indicated that with 30 parasites, the infection ap- 
peared approximately 2 weeks after inoculation 
and reached a peak of about 2-5% infected red 
cells, consequently smears were made on the sub- 
inoculated birds on alternate dajs between the 7th 
and 2Sth daj after subinoculalion If no jjamsitcs 
were obsorxed in the smears, subinoculations were 
made from the donor birds at approximat elj' 4 week 
intcrwils for up to six months unless positive evi- 
dence of infection was obtained earlier 

Quimno and atabnno were ineffective in curing 
the birds With plasmochm, the majontj of the 


birds apparently exhibited complete parasitic 
cure Spontaneous cure did not occur for at least 
7 months as evidences by subinoculation from in- 
fected birds which received no drug [IFork done 
under contract mth the Office of Scientific Research 
and Development } 

A mechanism of drug “potentiation” Pama- 
qmn metabolism as inSaenced by gainacrine 
Thomas J KjBtfVEDr,jR (by invitation), Charles 
G ZuBROD (by invitation), Frederick S Bioe- 
Low (by invitation), Robert W Bebuler (by 
invitation) and James A Shaaxox Research 
Service, Third Medical Division, Goldwaler Me- 
morial Hospital, and the Dept of Medicine, New 
York Vntv College of Medicine, New Yorl Few 
quantitative data are available which outhne 
mechamsms responsible for the "potentiating” 
action of drugs Incidental to studies on the phjsi- 
ological disjxisition of pamaquin, such a mechamsm 
was uncovered Several aspects of the toxicity of 
pamaquin, presumably the result of higher plasma 
pamaqum concentrations, are increased by con- 
current or pnor admimstration of quinacnne This 
increase m concentration is due to a specific action 
of quinacnne whereby it excludes pamaquin from 
the physiological mechamsms normally responsible 
for its metabolism 

Oral or intramuscular pamaquin (20 mg base) 
in the normal human yields maximal plasma drug 
levels in 1 to 2 hours which fall to negligible concen- 
tration in 8 hours When jiamaquin is admimstered 
to patients w bo have recently received quinacnne, 
the maximal plasma pamaqum level is from 2 to 10 
times higher and the rate of disappearance far 
lower When plasma pamaqum curves are deter- 
mined serially in individuals on 30 mg oral doses 
of quinacnne daily, maximal plasma jiamaquin 
levels nse progressively and the rate of disap- 
pearance of pamaquin approaches zero A mimmal 
upward displacement of the plasma jiamaquin 
curve occurs with a single 10 mg dose of quina- 
enne , with a single 500 mg dose of quinacnne, this 
IB demonstrable for as long as 6 weeks 

The effect of quimne, SN-7618 and other basic 
oiganic compounds on the plasma pamaquin curve 
18 not sinking [Based upon work done under a 
contract recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Dciclopment and New York Untv J 

Cinchona alkaloids 7 The nature of the quimne 
oxidizing enzyme of liver W Eugene Knox, 
Caft M C , a U S , (introduced bj James A 
Shannon) Research Service, Third Medical Divi- 
sion, Coldwatcr Memorial Hospital, and the Dept 
of Medicine, New Yorl Unn College of Medi- 
cine, New Yorl The entj me of rabbit liv cr w hich 
oxidizes quimne to its carbostjnl has been pre- 
pared in about 5% purity It is a fiavoprotcin 
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containing 0 7 gammas of riboflavin per unit of 
activity This flavin is reduced anacrohicallj bj 
cinchonidino The cnrjnie reacts dircctlj with 
o\j gen ni th the formation of h j drogeii peroxide but 
reacts more rapidly nith mcthxlcne blue It is 
rapidlj destrojed during the calalj tic process, has 
an optimum pll at 7 •! to 7 0, a inaMinal rate with 
cinchonidine concentrations alwac 20 X 10~‘ M 
and IS not inhibited In higher concentrations 
Routine assaj iinohcs the use of the rite of 
mcth 5 lenc blue reduction with cinchonidine as 
substrate 

The enzjmc can oxidirc other coiniKiuiids all of 
^^luch have an aclne a-hjdrogen in a hctcrocxrlic 
ring The reaction is limited to the replacement of 
the actn c hj drogen bj a h} drow 1 grouji In addi- 
tion to the cinchona alkaloids the enrj me catalj zes 
the oxidation of quinoline, quinoline dcrnatixcs, 
isoquinolinc, indole, pjrollc and soino p 3 ridinc 
derivatives The phj Biological compound most 
rapidly oxidized is N*-meth}l nicotinamide 

The enzyme has properties similar to and is not 
dissociable from the flaxoprotcin Incr aldchj'dc 
oxidase All flavoprotein present can be accounted 
for by the aldehyde oxidase as m ell as b> the quino- 
line oxidizing enzyme The simultaneous oxidation 
of the tno IS slower tluan their separate rates 
Quinine carbostyril is reducible to quinine bj the 
simultaneous anaerobic oxidation of aldclij do The 
enzyme, therefore, seems to be a duo functioning 
flavoprotein analogous to xanthine oxidase [Based 
upon work done under a contract recommended by 
the Committee on Medical Research, between the 
Office of Scientific Research and Development and 
New York Univ ] 

The chronic toxicity of di-isoprop}I fluorophos- 
phate in dogs, monkeys and rats George B 
Koelle (by invitation) and Alfred Gilman 
Pharmacology Section, Medical Division, Chemical 
Warfare Service, Edgewood Arsenal, Md The 
chrome toxicity of di-isopropyl fluorophosphate 
(DFP) has been studied in dogs, monkeys and rats 
prior to its climcal trial in myasthema gravis and 
glaucoma Four dogs received doses ranging from 
0 05 to 0 30 mg DFP /kg , intramuscularlj', twice 
weekly for 24 weeks No sigmficant changes oc- 
curred in blood sugar, serum protein, plasma NPN, 
hepatic function, red and white cell counts or 
differential counts All showed sporadic nicotimc 
symptoms and marked depression of serum and red 
cell cholinesterase One dog developed slight 
cardiospasm Four monkeys receiving 0 03 to 0 05 
mg DFP/kg , intramuscularly, twice w'eekly for 
16 weeks gave similar results, although three de- 
veloped brohehopneumoma and no cardiospasm 
appeared Three groups of 12 rats each on dose 
levels of 0 1, 0 3 and 0 5 mg DFP/kg , intramuscu- 
larly, twice weekly for six months, showed no 
eigmficant differences in growth rates and only 


occasional slight signs of nicotinic fibnlktion, 
diarrhea and rhromodachyrrhea Determinations 
of brain cholinesterase activity done tcrminalij on 
four rats from each group gave nvcmgc figures of 
65, 28 and 21 per cent of normal respectively No 
significant autopsy findings were obtained many of 
the above aniinsis 

Two dogs were maintained on high doses (0 Sand 
0 5 mg /kg , intrainuscuhrly , three times weekly) 
for 12 weeks Both developed severe nicotinic 
fibrillation, transient muscarinic signs (broncho 
constriction, by pcraalivation, diarrhea), and per 
sistcnt urinary incontinence, hindleg paralysisand 
cardiospasm resulting in extreme esophageal dilata 
tion The last persisted after injections were 
stoiiped and was the eventual cause of starvation 
and death in both dogs 

Dimcthylplpcridines as primary ganglionic de- 
pressants Tin onoRi KorrANYi and A Earl 
Vivixo (by invitation) Georgetown Univ , School 
of Medicine While studying the nicotimc action of 
drugs, the hy drochloridcsof piperidine, propylpipe- 
ndine (coniine), 2,3 and 2,4 dimcthylpiperidines 
were employed intravenously in dogs, cats and 
rabbits anesthetized with sodium pentobarbital 
The cardiac responses following peripheral vagus 
stimulation, blood pressure changes and responses 
of pupil and nictitating membmnes were used as 
criteria of ganglionic stimulation or depression 

Piperidine and propylpipcridine, given intra 
vcnously in doses of from 5-10 mg per kg body 
weight liavc, even upon oft repeated injection, an 
imtial stimulant and secondary depressant effect 
on both parasympathetic and sympathetic ganglia, 
while 2,3 and 2,4 dimethy Ipipcridines, in the same 
doses and by' the same route, produced varying de- 
grees of ganglionic depression without imtial stun 
ulation (Usually total doses of 25-40 mg per kg 
were sufficient to produce complete ganglionic 
paraly'sis determined by the criteria used ) Whi e 
piperidine produced a profound and 
piperidine a slight pressor effect, the dimet y 
piperidines produced depressor and no 
effects Piperidine is a respiratory stimulant o 
mcotine type, w hile dimethylpipendines pro 
no respiratory changes 2,3 and 2,4 dune J 
piperidines gradually abolished (a) the elec n 
excitability of the cardiac vagus, (b) the P®®®® , 
effect of intravenously injected mcotine, an 
the mydriatic and related sympathetic oc 
effects follow'ing the stimulation of the ®®'^ ^ 
sympathetic If the stimulation of the latter 
was carried out on the postganghomc instea o 
pregangliomc division, the pupillary ^ ° 

ocular responses were still obtainable , pn 

piperidines have no effect on the muscarimca 
of intravenously injected acetylcholine ^ 

Piperidine and propylpiperidine P^ , g 
contraction of the rectus abdoimms o 
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while dimethylpipendines produced no stimula- 
tion of this skeletal muscle On the contrary, they 
prevented the stimulating effects of acetylcholine 
but not of potassium 

These experiments suggest that while drugs of 
the mcotine or comine type are primary ganghomc 
stimulants and depress the ganglia only after large 
doses and following primary stimulation, 2,3 and 
2,4 dimethylpipendines are devoid of this pnmary 
stimulating effect and act as atropine does on the 
parasympathetic terminations or cocaine on the 
sensory nerve ends 

Synergisms and antagonisms between physos- 
tigmine and di-iso-propyl fluorophosphate Rudow 
Roster (introduced by McKeen Cattell) Dept 
of Pharmacology, Cornell Untv Medical College 
Physostigmine exerted a marked protective action 
against the toxic effects of subsequent doses of di- 
iso propyl fluorophosphate The best results were 
obtained when fluorophosphate was given at a short 
interval after the largest dose of physostigmine 
compatible nith survival Symptoms were leas 
severe and it was possible to save all ammals from 
three times the LD50 dose of the fluorophosphate 
and many from six times the LD50 dose With larger 
doses of physostigmine made possible by the 
previous injection of atropine ammals survived 
more than 30 times the LDM dose The opposite 
was true when the drugs were given in reverse 
order, i o , ammals which had received sublethal 
doses of the fluorophosphate were extremely sensi- 
tive to subsequent doses of physostigmine, an 
effect which lasted over a period of months and was 
still present at a time when the serum cholines- 
terase had recovered its normal activity 

Cats receiving iso propj l-fluorophosphate had 
enhanced sensitivity to subsequent injections of 
the same compound, which persisted for many 
days On the other hand cats receiving phjsostig- 
mine alone did not become more sensitive or more 
resistant with repeated doses at intervals of 4 to 
24 hours 

Physostigmine did not prc^ ent the fall in cholin- 
esterase activity of the serum in cats subsequently 
poisoned with iso propyl-fluorophosphate How- 
ever, the experiments done in the Research Lab- 
oratories of the Chemical Warfare Center at Edge- 
wood Arsenal (Personal commumcation) demon- 
strating that physostigmine completlej protects 
cholinesterase from inactivation by the fluoro- 
phospliatc in xntro, makes it probable that this 
mechamsm is concerned in the cat experiments 
[Tftc worh described in this abstract teas done under 
contract, recommended by the Committee on Medical 
Research, bcticccn the Office of Scientific Research 
and Dcrclopmcnt and the Cornell Unit Medical 
College I 

The anesthetic properties of n-propyl methyl 
ether JohnC KRAKrz,jR Dept of Pharmacology, 


School of Medicine, Univ of Maryland, Baltimore 
n-Propyl methyl ether produces a desirable anes- 
thetic syndrome m several species of ammals Its 
potency is approximately 20 per cent greater than 
that of its isomer, ethyl ether Abdominal relaxa- 
tion produced by the inhalation of this compound 
appears to be greater than that produced by ethyl 
ether With prolonged and repeated anesthesias 
there was no damage to important viscera in the 
rat, dog and monkey In human anesthesia, the 
compound is less irritating than ethyl ether, pro- 
duces less disagreeable postanesthetic sequelae and 
ehcits a more relaxed abdominal musculature 
The effect of nephrectomy on the “elimination” 
of Ouabain by the cat Stephen Krop Dept of 
Pharmacology, Vale Untv School of Medicine, New 
Haven, Conn (Read by title ) Though the liver is 
considered to be the site of inactivation of the 
cardiac glycosides, the possibility that the kidneys 
participate to a sigmficant extent in their “elim- 
ination” has received little attention It appeared 
desirable to obtain information relating to this 
possibility, especially because the data supporting 
the liver inactivation hypothesis were obtained 
with very high doses in ammal species whose tol- 
erance IS very great Normal and bilaterally ne- 
phrectomized cats were used in the present study 
Ouabain was selected because of its comparatively 
brief duration of action, so that substantial "elim- 
ination” could be expected well within the tune 
that the ammals remained in good condition fol- 
lowing bilateral nephrectomy Six cats were ne- 
phrectomiied under ether anesthesia and 1 to 2 
hours later were given 0 05 mg ouabain (USP Ref- 
erence Standard) per kg intravenously Simul- 
taneously BIX control cats were similarlj treated 
except for nephrectomy Twenty-four hours later, 
both groups of ammals were “titrated” with dilute 
ouabain solution in phj Biological saline until death 
The mean lethal doses of ouabain for these two 
groups of ammals did not differ sigmficantly from 
each other and not greatly from that of six normal 
control ammals studied simultaneously Vanations 
in acute sensitivity were ruled out by a simultane- 
ous sensitivity test in six normal cats It is con- 
cluded that normal cats do not “eliminate” ouabain 
as rapidly as commonly believed, and that the 
kidney in the cat docs not participate demonstrably 
in the “elimination,” at least in the first 24 hours 
Whether this situation obtains after longer periods 
and for different cardiac glycosides remains for 
future study (Aided by a grant from the Fluid 
Research Fund of Yale Univ School of Medicine ] 
The effect of succinate on pentobarbital toxicity 
and narcosis- In the cat Stephen Krop Dept of 
Pharmacology, Yale Univ School of Medicine, 
New Horen, Conn (Read by title ) It has been 
contended that succinate reduces the toxicity of 
and shortens the narcosis induced by pentobarbital 
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procedures Insulin-dcxtroBe nctunlly rctnrdcd the 
metabolism of the alcohol to a significanl degree 
The amount of alcohol appearing in the urine was 
not significantly influenced Blood and urine ace- 
tone concentrations showed little or no changes 
from the control \alucs The prepondemneo of 
evidence indicates a lack of any action on the 
metabolism of isopropjl alcohol by the \arious 
combinations tried 

The effects of dl-isopropjl fluorophosphntc upon 
normal and glaucomatous ejes InviNo II Lio- 
POLD (bj' invi(ation) and Junus II Covnor, Jn 
Depts of Ophthalmology and Pharmacology, Univ 
of Pennsyhanta School of Medicine, Philadelphia 
Di-isopropyl fluorophosphalc (DFP) instilled 
locally in human eyes produced prolonged miosis 
(6-27 daj’s), ciliarj’ spasm and false mjopia (2 
days) and deereased intraocular tension (t-S dajs) 
without any local irritation DFP failed to con- 
tract the totally denervated cat ins, its effects 
therefore are due entirely to the inactivation of 
cholinesterase caused by DFP One or two instilla- 
tions of 0 1 or 0 2% DFP overcame and outlasted 
the cycloplegic effect of A% homntropinc or 1% 
atropine Little if any systemic absorption of DFP 
(measured by change in plasma ChE Ie\els) oc- 
curred following its ocular use 

DFP has been used in the treatment of 70 glau- 
comatous eyes (52 patients) previously treated with 
physostigmine and/or pilocarpine In 16 instances 
no miotic lowered the intraocular tension satisfac- 
torily In 24 cases, each miotic was able to maintain 
the tension below 30 mm Hg In the other 30 cases, 
physostigmine and/or pilocarpine failed to reduce 
intraocular tension to normal , in these, DFP main- 
tained normal tension and prevented further loss 
of visual fields The duration of action of DFP 
greatly exceeded that of pilocarpine and physostig- 
mine Instillation of the latter drugs was rcqmrcd 
3 to 6 times daily while DFP was required more 
than once daily in only 10 cases, once daily in 17 
patients, once every two days in 2, every 3 days 
in 12, every 4 days in 10, 5 days in 6, 7 days in 2, 
and 10 days in 1 Undesired effects were visual 
blurnng, brow and eye ache, spasm of accommoda- 
tion and pericorneal vasodilation [Done under 
contract with Medical Division, Chemical Warfare 
Service ] 

Determination of minute quantities of sulfanila- 
mide derivatives in biological samples J T Litch- 
field, Je , L Alonso, and L Goddahd Chemo- 
therapy Division, Stamford Research Labys 
American Cyanamid Company The practical limit 
of sensitivity of the Bratton-Marshall procedure 
for determination of sulfamlamide derivatives is 
reached when the concentration of the drug present 
approaches the magmtude of the blood or plasma 
blank A simple procedure was devised by which 
the sulfamlamide derivative is extracted from 


plasma with chloroform The drug is then extracted 
from the chloroform with a small quantity of aad 
to which IB then added the reagents used in the 
Bratton Marshall procedure The final volume need 
be no greater tlian one cubic centimeter and can 
represent, if desired, the drug derived from 
of the original sample of plasma Readings are 
made in a Coleman clinical spectrophotometer 
using a microcuveltc designed for a volume of 05 
cc With tins procedure the plasma blank isalmost 
negligible Thus, bj elimination of the dilution of 
the sample ordinarily necessary for protein pre 
cipitalion, the scnsitixitj of the Bratton Marahall 
procedure can be increased at least ten fold This 
increase in sensitivity makes possible the deter 
mination of unusually low drug concentrations 
The nnti-histaminc and atropinc-like properties 
of quaternary ammonium derivalivcs of Benadryl. 
E R Lorw, MAnOAnET E Kaiseu and Movi 
ANDinsos (introduced by Carl C Pfeiffer) fiepf 
of Pharmacology, Univ of Illinois, College oj 
Medicine, Chicago, Illinois, and Parke, Bans and 
Company, Detroit, Mich B-Dimethylaminoethy 
benzhydryl ether hydrochlondo (Benadryl), & 
tertiary amine, m an anti-histaminc compoun 
since its most cliaracteristic action is to decrease 
or annul such pliarmacological actions of histamine 
as bronchoconstriction in guinea pigs, depressor 
effect in dogs and the spasmogenic action on iso 
latcd guinea pig ileum Although Benadryl is pre 

dominantly a histamine antagomst, it also possesses 

atropinc-like properties since it decreases n 
depressor and spiasmogemc actions of ace y 


line (Ach ) •, i r 

'he quaternary derivatives of Benadry o 
losscss the most pronounced anti-histaimne an 
ipinc-like properties were the ° j 

ihylchloride, methyl p-toluenesulfoimte a 

;hyl methylsulfate In view of the we 
scannic, mcotimc and curare-like ac lo 
nerous quaternary ammomum compoun s, 
iing choline and its esters, it is consi ere 
cant that these derivatives of Bena ry > ^ 
choline derivatives, induce 
e-hke actions The replacement of " 
itropine-like action in these choline 
1 demonstrated by inducing mydnasis m 
igomzing the depressor action of c i 
, inhibiting the spasmogemc action o _ 
ated guinea pig ileum In addition “ 
e-hke action, each quaternary co«po ^ ^ 
sesses marked anti-histamine ^a^yl 

age basis all were more effective a 
preventing fatal bistaimne-inducea 
striction in guinea pigs +i,pae choline 

'he antagomsm between Ach a r-noincsfor 

ivatives suggests that ° Con- 

le cellular component may be m 
nation must be given to the fact 
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compounds, chemically unrelated to histamine, are 
potent histamine antagomsts 
A preliminary survey of certain lactone anti- 
biotics E L McCa-wlet, B a Rtjbin and (by 
invitation) N J Giacomino Uepfs of Pharma- 
cology and of Bacteriology, Yale Untv School 
of Medicine Two simple lactones found in plants, 
parasorbic acid and anemomn, have previously 
been shown to depress the growth of certain 
bacteria, molds, and yeasts A senes of analogous 
denvatives were subjected to a prehminary phar- 
macological survey The compounds tested include 
3 pentene-1 , 4-olide (a angelica lactone) , 2 pentene- 
1,4-olide (|3 angelica lactone). 2,4 pentadiene-1,4- 
ohde (proto anemomn), anemomn (the dimer of 
proto anemomn), 2 pentene, 5 carboxy-l,4-ohde 
(crotono-lactone y acetic acid), 2 he\ene-l,5-ohde 
(parasorbic acid) and 1,5 hexanolide 
Proto anemomn was ehminated early from the 
survey, although it possesses high antibactenal 
properties in vitro, it is a potent vesicant, stemuta- 
tor, and lacrymator 

Anemomn solutions inhibit growth in vitro of 
Staphylococcus aureus and Shigella dysenlertae at 
dilutions of 1 12,500, the other denvatives were 
inactive at 1 2200 The growth of Escherichia colt 
was not affected Anemomn, 3 pentene-1 ,4-ohde, 
crotonolactone y acetic acid, and parasorbic acid at 
dilutions of 1 50,000 prevented the growth of 
Trypanosoma equiperdum in vitro Anemomn, 100 
mg /kg , injected into the abdominal cavity, failed 
to protect mice from a Shigella pontonitis 
Elutions of all of these substances, except 1,5 
hexanohde, are imtating when instilled into rab- 
bits’ eyes The irritation results in a veno spasm 
following intravenous injection After intravenous 
admimstration in cats there is a transitory fall in 
blood pressure None of the derivatives cause a 
change in tone of the isolated rabbit duodenum al- 
though the rhythmic contractions may be slowed 
There is no antagomsm to spasms of smooth muscle 
evoked by acetyl chohne, barium or histamine 
The LDw's for oral admimstration in mice range 
from 400 to 2500 mg /kg , in relative order 2 
pentene 1,4-olide, 2 hcxeno-l,5-olide, 3 pentene- 
1,4-olido and 1,5 hexanohde Deaths occur at 400 
mg /kg after intrapcritoneal injection With 
anemomn 8 successive 50 mg /kg intrapcritoneal 
doses w ere tolerated without loss in weight (Aided 
by a grant from the Fluid Research Fund of Yale 
Vniv School of Medicine ] 

Certain aspects of the toxicity of diallyl phthal- 
ate W A McOmie’ (introduced by Hamilton H 
Anderson) Dmsion of Pharmacology and Experi- 
mental Therapeutics, Univ of California Medical 
School, San Francisco The dialljl ester of o ph- 


1 AId(^d bi n (rant from the Shell Developmeut Company 
Emeryi ilte Califormn. 


thabc acid (CnHuOi) is used in industry as a mo- 
nomer in the manufacture of thermosetting plas- 
tics Its toxicity was investigatedpnmanly from the 
standpoint of the hazard which might follow skin 
and mucous membrane exposure, since it is a high 
boihng compound (175°C —9 mm Hg ) No gross 
effect such as erythema or desquamation was noted 
on the skin of the rabbit from 15 exposures, averag- 
ing 5 hours each, to approximately 100 sq cm of 
shaven abdomen The compound wras instilled into 
the rabbit’s eye and the extent of imtation graded 
bylhesconngmethodof Draizeetal (J Pharmacol 
and Exper Therap 82 377, 1944) No sigmficant 
difference was found between the one hour scores 
of dialljl phthalate (score =1) dibutjl phthalate 
(score = 2) and ethylene glycol (score = 2) All 
were relatively non-irntating and caused only a 
mild and transient conjunctivitis The ester was 
rubbed gently by means of a glass rod into the 
shaved back of the rabbit and gmnea pig One 
rabbit died after apphcation of 2 8 ml /kg to 
approximatelj 14 per cent of the body surface , 2 
rabbits died after 3 and 5 apphcations respectively 
of 3 8 ml /kg on approximately 14 per cent of body 
surface Two rabbits survived without apparent 
effect 12 exposures, each of 1 6 ml /kg , on approxi- 
mately 5 per cent of body surface Autopsy of am- 
mals which died revealed rmld skin inflammation in 
the area exposed, hepatitis and lung congestion ’ 
One gmnea pig died after 7 exposures of 5 5 ml / 
kg , 3 others survived 12 exposures ranging from 
2 1 to 4 0 ml Ab One rabbit died 3 hours after 1 5 
ml Ab iras given intragastncally Death was pre- 
ceded by diarrhea and prostration Two rabbits 
survived 1 0 ml /kg intragastncally One rabbit 
was killed by 1 0 ml Ab Eiven subcutaneously , 2 
others survived 0 5 ml /kg by the same route 
It would appear from these results that diallyl 
phthalate is one of the most toxic of the o phthabc 
acid esters that ha\e been studied This is in 
agreement with the statement of Shaffer et al 
(J Ind Hyg and Toxicol 27 131, 1945) that the 
toxicity of such comjxiunds largely resides in the 
alkyl portion of the molecule 
Toxicity ratios of some cardiac glycosides as 
influenced by the experimental time G Maresh 
and A Fabah (introduced by 0 Kraier) Dept 
of Pharmacology, Hariard Medical School, Boston, 
Mass The most frequent method used for deter- 
nuning the comparative toxicity of cardiac glyco- 
sides has been some modification of the Hatcher- 
Magnus method Mehnert (Arch f exper Path 
u Pharmakol 184 181, 1936), Straub (Straub, W , 
E Tnendl, and J Bode, Arch f exper Path u 
Pharmakol 199 427, 1942) Hildebrandt (Hilde- 
brandt.H andM P Geppert.Arch f exper Path 


* Dr Wrttcq L». BoqIicV Biviaon ol Pftlholoo cxamiced 
aectiODS of tissues 
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u Pharmakol 199 508, 1943), nnd Farnh (.1 Plmr- 
irtncol and Exper Thcrap in prcsi) have shown 
that the lethal dose (L D ) of a cardiac Rlycosidc is 
dependent on the cxponmental tune ns well ns 
the rate of ndministmtion of this plycosidc Fur- 
thermore it IB possible bj' continuous infusion 
methods to determine the minimal lethal dose 
(M L D ) of a cardiac rIj cosido (Mchnert, II , 
Arch f exper Path u Pharmakol 184 181, 1030, 
Farah, A J Pharmacol and Exper Thernp , in 
press) 

In Table 1 the influence of experimental time 
upon the L D of g-stroiihanthin, digoxin, nnd 
digitoxin has been compared It is apparent that 
an increase in the cxperimcnlal time reduces the 
lethal dose as well ns the toxicitj ratio of these 
glycosides From this it must bo concluded that 
any data obtained bj limiting either the rate of 
administration or the experimental time docs not 
give a true picture of the comparatixc toxicit> It 
is probably more accurate to determine the M L D 
by continuous infusion methods nnd use these 
values for comparison It should be cmphasircd 
that the rate of administration nnd experimental 
time with which the minimal lethal dose is ob- 
tained IS a cliaractenstic \aluc for each cardiac 
glycoside 


Expert- 
menial 
time w 
minutes 

L D* 
f stroph, 
micro- 
mols 
per kg 

L D 
digoxin, 
micro- 
mols 
per kg 

L D 
digoxin 
L D 
g stroph 

L D* 
digiloxin, 
micro- 
mots 
per kg 

L D 
digitoiin 
L V 
g stroph 

30 

260 

050 

2 60 

1 27 

4 88 

CO 

200 

420 

2 10 

776 

3 87 

90 

170 

315 

1 85 

650 

3 23 

120 

160 

276 

1 70 

430 

2 66 

ISO 

125 



316 

2 62 

240 

176 



260 

1 60 


Inhibitory potency of sympathomimetic amines 
and their ganglionic inhibitory action Amedeo S 
Maerazzi and Rose N Marrazzi Dc-pt of Phar- 
macology and Therapeutics, Wayne Umv College 
of Medicine, Detroit, Mich The inhibitory effect 
of a series of sympathomimetic amines was tested 
on the superior cervical sympathetic ganglion (cat) 
where epinephrine had been show n to have a spe- 
cific inhibitory action in imnute doses All 21 
amines tested were found to inhibit synaptic trans- 
mission, as indicated by reduction of the post- 
gangliomc action potentials, to varying degrees not 
paralleling pressor effects 
Since the activity to be inhibited is imtiated by 
electrical stimuli in a constant and controlled 
fashion, the techmque has advantages over other 
methods Comparison with similar series tested 
on other tissues shows that the order of inhibitory 
activity in the superior cervical ganglion follows 
that at other adrenergic sites and that the gang- 

• Data of Hildebrandt (Hildebrandt, H and M P Geppert, 
Arch f expar Path u Pharmakol 199 668, 1642) 


lionic BjnapBCS, ns much ns any one tissue can, 
constitute a \nlid test object for adrenergic in 
hibition 

Relating drug structure to sympathomimetic ac 
tion proved most successful when correlation to 
made not merely to one type of sympathomimetic 
action but to both the inhibitory and excitatory 
(pressor) actions together since the chemical struc 
turc IS responsible for both simultaneously The 
ratios of inhibitory to pressor activity show the 
degree of predominance of one or the other 

The bare sy mpathomimctic nucleus was found 
to inhibit The influence of added groups arc indi 
ented in the nccomapnying diagram 
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)■ Interacting forces— 
Interplay of Forces 
Contributing to 
Dominance of Ac 
tion 


Intrinsic action — I" 

*=> Excitation fa\ored 
= \ ariable effect 

Change in dominance small 
(l) = Inhibition favored 

Interaction — 2“ 

-h = Enhancement 
— = Counteraction 

The empirical findings are found consistent vat 
a theoretical explanation of molecular actin y 
relation to cell surface Compounds with 
predominance, if not exclusive singleness, o so 
are therapeutically advantageous (Aided 
from the Therapeutic Research Committee o 

Council on Pharmacy and Chemistry of t ® 

lean Medical Association and from the 

Kline & French Labys ) vribeW 

Acute and chronic toxicity studies of pyj 
amine hydrochloride (N'-pyridyl-N'-benzy ^ 
methylethylenediamine HCl) Donald 
SON (by invitation), Harry W Hats 
tion), Dorothy Chess (by invitation), p 
Cajieron (by invitation) and tpiw 

Yonkman Dept of Pharmaeology, 

Sion, Ciba Pharmaceutical Products, Inc , .gj 
Hew Jersey Previously, it has been P" 
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(Feder Proc 4 133, 1945) that the MLDSOof pyn- 
benzainine HCl (N'-pyndyl-N '-benzyl -N-di- 
methylethylenediamine HCl) subcutaneously in 
white rats was 250 mg per kg for females and 
350 mg per kg for males It has since been 
learned that castration of female rats renders such 
ammals as resistant to pynbenzamine as normal 
males The probability that the adimmstration of 
estrogens to castrate female rats reduces this re- 
sistance, IS still a moot point This indicates that 
the toxicity of pyribenzamine, like certain other 
drugs, vanes not only with the species but also 
mth the sex 

The gastric instillation by the daily intubation 
of white rats of both sexes of pynbenzamine HCl 
in doses ranging from 3 to 5 mg per kg for a 
period of 5 months has had no deletenous effect on 
erythrocytes, white cells and their differential dis- 
tribution, hematocnt valus, body weight, appe- 
tite, reproductive capacities, gastrointestinal func- 
tions and general appearance and comport In all 
respects rata fed pynbenzamine nere comparable 
to those controls that nere likewise intubated and 
given by gastric instillation equivalent volumes of 
tap n ater 

Offspring of pyribenzaminc-fed rata are now be- 
ing treated and studied like their parents , these 
have shon n no deviations from normal after 5 weeks 
of treatment Similar studies are contemplated in 
2 more successive generations of these white rats 
before final conclusions are drawn concermng the 
chronic toxicity of pynbenzamine in this species 
The protective action of atabrine against chloro- 
form-adrenaline ventricular fibrillation K I 
Melville De'pt of Pharmacology, McGill Untv 
Montreal, Canada In dogs under pentobarbital 
anesthesia with artificial respiration, admimstra- 
tion of chloroform vapor for 3 to 5 minutes followed 
by an intravenous injection of adrenaline (0 02 mg 
per kg ) rcgularlj induced ventncular fibrillation 
This effect also occurs after atropimzation and 
double vagotomy 

Under similar conditions, the injection of ata- 
bnne hydrochloride in suitable dosages, just prior 
to or during the chloroform admimstration, pro- 
tects the heart against this deletenous effect of 
adrenaline This protective action of atabrine lasts 
onlj' for 10 to 30 minutes, and in all such expen- 
ments repetition of chloroform and adrenaline then 
induced the usual fibrillation 
This action of atabrine is also demonstrable after 
atropimzation and double vagotomj It appears 
however to persist for a much longer time after 
atropimzation with the vagi intact than after 
atropimzation and the vagi sectioned 
Electrocardiograms and blood pressure tracings 
associated with these effects mil be presented, and 
the possible sigmficance of these findings discussed 


Dosage-response to mercuhydrm in patients 
with heart failure Walter Modell, HLuaRy Gold 
and Donald A Clarke (by invitation) Dept of 
Pharmacology, Cornell Univ Medical College, and 
Cardiac Services of the Beth Israel Hospital and 
Hospital for Joint Diseases, New York, N Y 
Dosage response to Mercuhydrm was determined 
in 69 ambulatory patients suffering from the com- 
mon types of heart disease The patients were in a 
state of advanced cardiac failure, and required 
mercurial diuretics because digitalis was not 
sufficiently effective to maintain a reasonable de- 
gree of comfort All patients received a fixed dose 
of digitalis during the course of the investigation 
Patients were weighed before and about 15 hours 
after the intravenous injection of the mercurial 
The loss of weight was taken to represent the ex- 
tent of the diuresis In 32 of these patients (88 
trials) the average weight change over the 15 hour 
period, without injection of the diuretic was, 0 56 
lbs The 69 patients received injections of 10 
different doses of the diuretic, starting with 0 25 
cc and increasing by increments of 0 25 cc , up to 
doses of 2 5 cc A dosage-response curve wras con- 
structed with the data collected after 773 injec- 
tions The curve proved to be tjTiically sigmoid in 
shape with the steepest part in the range from 0 5 
to 1 5 cc , representing average weight-losses of 
from 2 0 to 4 35 lbs respectively, being flatter at 
lower dose levels and reaching a ceiling at the 2 25 
cc dose This indicates that the greatest sensi- 
tivity to this drug for most patients lies in the 
range between 0 5 and 1 5 cc , that quantitative 
comjianBons of these diuretics can best be made in 
this range, and that the greatest climcal effects per 
umt weight of the drug ma> be expected from such 
doses 

Central impairment of sympathetic reflexes by 
plasmochin Gordon K MoEandM H Seevers 
Dept of Pharmacology, Umv of Michigan Plas- 
mochin hydroiodidc admimstered orally to dogs 
in daily doses equivalent to 5 mg of base per kg 
leads in three to six days to ocular changes sug- 
gesting sjmjiathetic paralysis enophthalmos, 
pupillary constnction, and relaxation of the 
mctitating membranes At the time that eye signs 
were readily apparent, six animals were sacnficed 
in acute experiments designed to locate the site of 
action of the drug All results indicate that the 
functional impairment lies in the central nervous 
sy stem rather than ganglia or preipheral structures 
Complete recovery of function is slow in survivors 
judging by the gradual disappearance of cy e signs 
over several weeks 

Blood pressure, heart rate, and respiration were 
recorded, all experiments were done under intra- 
venous Pentothal -barbital sequence anesthesia 
Imtial mean arterial pressure and heart rate in 
treated ammals averaged 90 mm Hg and 103 



194 


FEDERATION PROCECDINGS 


beat8-min , as compared 161 and 180 in nine 
control ammals The following procedures failed 
to cause significant clc\ntion of pressure or heart 
rate in the treated animals, but were routinely 
effective in controls 

1 Bilateral carotid occlusion 

2 Stimulation of the central end of the ^ago3Jm- 
pathetic trunk 

3 Occlusion of the trachea 

Ganglionic and peripheral transmission were 
unimpaired, ns judged bj' the ocular responses to 
preganglionic stimulation of the cer\ical sjmpa- 
theticand the cnrdioaccclerator response to pre- 
ganglionic stimulation of the stellate ganglia 
Cardiodecelerator reflexes were intact, as demon- 
strated by the brndxcardin and dropped beats 
occurring after injection of epinephrine [Wort 
done tinder conlracl toilh the Office of Scicnttfic 
Research and Development ] 

Toxicity of certain halogcnnlcd aliphatic acids 
for mice James L Monnisos Pharmacology Lahy , 
School of Medicine, Emory Univ , Ga The acute 
oral toMcity of a group of halogen substituted fatty 
acids ranging from monochloroacctic through 
a-bromocaproic was determined in mice The pll 
of a 5 per cent aqueous solution of the compounds 
studied varied from 0 5 to 2 00 Preliminary tests 
disclosed a local irritating factor in the effects To 
avoid this the 5 per cent solutions of the acids w ere 
neutralized (pH 7 0) with sodium carbonate, and 
used at once since solutions of the sodium salts of 
many of the compounds hydrolyze rather rapidly 
Adult white mice, fasted for 24 hours previously, 
were used throughout as the test animal To groups 
of 30 ammals varying volumes of each of the neu- 
tralized halogenated acid solutions were adminis- 
tered by way of the esophagus with a tuberculin 
syringe and a large bore blunt hypodermic needle 
All ammals which died within 5 days were consid- 
ered, arbitrarily, to have been killed by the com- 
pound, since no deaths occurred among a large 
group of control ammals from the same litters 
From the accumulated data toxicity curves were 
plotted and the LDjo for each agent was estimated 
Results indicate that the toxicity increases in rela- 
tion to the increase in molecular weight of the 
substituted halogen and decreases as the carbon 
chain IB lengthened Substitution of halogen in the 
beta position markedly reduces the toxicity as does 
branching of the carbon chain 

Quantitative studies on intradermal wheals I 
Pressure required to produce cutaneous wheals 
W Glenn Moss (by invitation) and C C Pfeif- 
fer Dept of Physiology and the Dept of Pharma- 
eology of the Umv of Illinois College of Medicine, 
Chicago, Illinois Using optical methods for re- 
cording, and a glass spoon calibrated up to 3,000 
mm of mercury, it was found that the pressure 
reqmred to raise an intradermal wheal vaned 


between tlip pxlrcmcs of ],(X)0 and 3,200 mm of 
mercury Asidcnrm tulxsrculin syringe fitted with 
a 27-gaugo needle was used to inject the 0 9% 
sterile NaCI solution Most subjects required pres- 
sures in the range of 1600 to 2)00 mm of mercury 
No sexual or racial differences were noted Daily 
variation was as much as 500 mm mercury The 
pressure required xarnd inversely with the depth 
of the needle in the corium ^\hen the needle was 
introdured with the bevel up, greater pressures 
were required, presumably due to the resistance 
of the inelastic outer layer of the corium The addi- 
tion of histamine diphosphate 1 100,000 to the 
nalinc did not result in a decrease in the pressure 
needed to produce the wheals Typical tracings of 
the pressure changes were obtained 

Atomic changes produced by streptothricin 
CuAuiFs Musitrir and Harrison S Mart- 
land (introduced by Hans Molitor) Merck Inst 
for Therapeutic Research, Rahicay, N J and City 
Hospital, Ketcark, A J The oral and jiarenteral 
administration of streptothricin produced severe 
pathological changes in labomtory animals Fatty 
metamorphosis in the parenchyma of both the 
kidney and liver appeared early and was often 
followed by necrosis A single intmvenous injection 
of 300,000 units per kg or 3 injections of 40,000 
units per kg caused in the dog a toxic hejiatitis 
and an extensive tubular nephritis In such am- 
mals there was widespread necrosis of the tubular 
epithelium, and desquamated cells and hyaline 
casts were seen in the lumcna of the tubules Some 
of the tubules also contained metastatic deposits 
of calcium Daily doses of 20,000 umts per kg 
intramuscularly for 5 days or 10,000 umts per kg 
orally for two months brought about similar de- 
generative changes in the monkey Some of the 
dogs treated parentcrally showed, in varying de- 
gree, congestion and/or hemorrhage along most of 
the intestinal tract Both dogs and monkeys which 
were treated parentcrally or orally wath strepto- 
thricin dev'elopcd ulcerativ'e lesions wath marked 
suppuration and necrosis in the tongue, hps and 
buccal mucosa The admimstration of large doses 
of riboflavin and nicotimc acid along wath the 
streptothricin failed to prevent the development 
of these oral lesions local necrosis resulted from 
the intramuscular or subcutaneous injection of 
streptothricin 

Physiological properties of a new series o 
sympatholytic agents Mark Nickerson (by in- 
vitation) and Louis S Goodman Dept of Pharma- 
cology, Univ of Utah School of Medicine, a t 
Lake City, Utah Members of a new senes of com- 
pounds related to dibenzyl-^-chloroethyl amine 
have been found to block and reverse excitatory 
adrenergic responses in nuce, rats, rabbits, cats, 
dogs, and humans After their admimstration to 
dogs and cats, intravenous epinephrine in doses as 
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high as 4 mg /kg (2000 times the amount normally 
producinga40to70mm Hg rise in blood pressure) 
causes a 20 to 40 mm Hg fall Actions of other 
sympathomimetic amines are also both blocked 
and reversed The excitatory effects of endogenous 
epinephnne and adrenergic nerve impulses are 
similarly blocked, and the normal anoxic nse in 
blood pressure becomes a fall Unanesthetized cats 
given these agents exhibit a marked extension of 
the mctitating membrane, ptosis, and an absence 
of mydnasis in dim light Inhibitory responses to 
epinephnne, such as relaxation of the non preg- 
nant cat uterus, are not altered 
Although these compounds lose their activity 
at body pH, the blocking effect of a single dose may 
last for 3 to 4 daj s This suggests prolonged inhibi- 
tion or perhaps actual destruction of some struc- 
ture or substance involved in the excitatory re- 
sponses to epinephnne and its slow reactivation, 
repair or replacement Recovery is without residua 
These amines are only moderately toxic Young 
rats given three times the blocking dose daily for 
two months showed no permanent ill effects, and 
only a slight growth retardation Large doses pro- 
duce coordinated dome convulsions The com- 
pounds are effective by all routes, but local necrosis 
may result from subcutaneous and intrapentoneal 
admimstration [This inveshgaiton teas supported 
by a grant from Gtvaudan Delawanna, Inc ] 
Relation of structure to activity in a new series 
of sympatholytic agents Mark Nickerson (by 
invitation), George Nomaouchi (by invitation) 
and Louis S Goodman Dept of Pharmacology, 
Untv of Utah School of Medicine, Salt Lake City, 
Utah (Read by title) Dibenzj 1 chloroethj 1 
amine and its salts wnth both orgamc and inorgamc 
acids are potent sympatholytic agents (sec ac- 
companying abstract) At least one benzyl group 
IB essential for this activity and cannot be replaced 
by an aliphatic chain, a phenyl ring, or a phenyl- 
ethyl group without complete inactivation Most 
substitutions on the benzyl ring (Cl, p propyl, 
etc ) also lead to inactivation A p methyl substi- 
tution does not cause inactivation, but considerably 
delay s the onset of sympatholy tic action 

The chlorocthyl group, or a similar bromocthyl 
or p chloropropyl group, is also essential to activ- 
ity The replacement of the chlonnc or bromine 
by — OH or — 0 — R leads to complete inactivation 
for reasons mentioned bclon Some quaternary 
derivatives of this scries such ns dibcnzyl^- 
chloroethyl methyl ammomum methosulfate arc 
also activ c 

In neutral or alkaline solutions the p chloro 
ethyl chain of those compounds closes with the 
amine nitrogen to forma highly reactive cthvlene- 
imine ring which is then hvdrolyzcd to the in 
active ethyl alcohol derivative with the release of 
HCl Thiosulfate reacts rapidly with this ring to 


form the ethyl thiosulfate derivative tn vitro 
Prior treatment of an ammal with thiosulfate 
completely prevents the sympatholytic action, 
indicating that the same reactions occur tn vivo, 
and that the ethylene -imine nng compound is 
probably the intermediate directly involved in the 
blocking It 18 possible that substitutions on the 
benzyl group or its replacement alter the sym- 
patholytic properties of these compounds by an 
inductive effect modifying the nng formation 
[This investigation was supported by a grant from 
Gtvauden-Delawanna, Inc 

The prevention of epinephrine-cyclopropane 
cardiac irregularities in dogs with dibenzyl-p- 
chloroethyl amine Mark Nickerson and Scott 
M Smith (by invitation), and Louis S Goodman 
Depts of Pharmacology and Anesthesiology, Univ 
of Utah School of Medicine, Salt Lake City, Utah 
(Read by title ) The abihty of dibenzy 1 ^-chloro- 
ethyl amine and related compounds to block the 
excitatory effects of epinephnne (see accompany - 
ing abstract) prompted a tnal of their prevention 
of epinephnne-induced cardiac irregulantics in 
dogs sensitized by cy clopropane 

After induction of anesthesia with intravenous 
sodium pentothal (15-25 mg /kg ), dogs were 
maintained on a 30% cyclopropane-70% Oj mixture 
(percentages read from Heidbnnk flowmeters) 
admimstered by means of an endotracheal catheter 
with inflated cuff Total flows of 1000 cc /min 
for the first 15 minutes and 500 cc /min thereafter 
were used, and the 3 liter rebreathing bag was 
completely emptied at frequent intervals This 
procedure maintained a level of almost complete 
intercostal paralysis The protective dose of 20 
mg /kg dibenzy l-jS chlorocthyl amine HCl was 
given intravenously 

After cy clopropane equilibration for 30 minutes, 
the standard test dose of 10 pg /kg of epinephnne 
was injected intravenously over a 50 sec period 
Electrocardiograms taken dunng and after these 
injections in control and treated dogs showed the 
followang results 



Control 

1 

Treated 

No of doc3 

14 

0 

Death due to vcntncular Cbnllation 

5 ( 57 c;) 

0 

•ATe totnl penod ol IrrtculanUw 

1S7 *ec 

4 BcC 

•Ave penod of rcntncuUr tach>*cajdia 

97 ecc 



• In doga mlhout vcntncnlar fibnllation 


The protected dogs showed a marled sinus tachy- 
cardia Treated animals were also given lOand 100 
times the standard dose of epinephnne with only 
minor and bnef cardiac irregulantics Dibenzy 1 P- 
chlotocthyl amine afforded greater protection 
than did ergotaminc or pnscol [This investigation 
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xbas aided hy a grant from Gnaudan-Dclatcanna, 
Inc ] 

Effect of anti-rcticulnr cytotoxic scrum (ACS) 
on the hcnling of cxpcrimcntnl nounds In rnts 
Mark Nickekson, Thomas Burns, nnd Arnold 
M Cooper (introduced by Ivouis S Goodman) 
Dept of Pharmacology, Univ of Utah School of 
Medicine, Salt Lai c City, Utah (Raid by title ) 
Anti-reticulnr cytotoxic scrum prepared by re- 
peatedly injecting rabbits nith rat spleen and 
bone marron suspension possessed marked organ 
specificity' showing a complement fixation titer 
for rat spleen and bone marrow antigen 5 to 10 
times that for rat muscle antigen Hemolysin 
content was negligible 

Rate of healing was measured by breaking nnd 
tensile strengths on the 9th day after skin and 
laparotomy' incisions and fibular fractures Bc- 
ginmng two days prior to the experimental trauma, 
injections of serum were gnen at 3-day intervals 
for three doses Experimental ammals (groups of 
8 to 12) were given 0 25, 5, 40, or COO units/kg 
(umt = ml serum X titer) of ACS per injection 
Controls received comparable amounts of normal 
rabbit serum 

Analysis of the data on GO rats showed no sig- 
mficant differences between the rate of healing 
in the experimental and control senes However, 
the possible deleterious (blocking?) effect of 
large doses of ACS was shown by the fact tliat 3 
of the 8 ammals receiving 600 units/kg of ACS 
failed to survive the 9-day postoperative period 
No deaths occurred in the control groups or in 
these receiving smaller doses of ACS 

Although the data reveal no stimulating effect 
of small doses of ACS on the healing process, such 
a possibility is not disproved More sensitive and 
less variable tests may be required, or it may be 
that this effect cannot be demonstrated in normal 
ammals but only in those ammals whose healing 
mechamsms are not functiomng efficiently [This 
investigation was aided by a grant from Givavdan- 
Delawanna, Inc ] 

Studies of the sympathicolytic drug Dihydroxy- 
ergotamine (D H E 45) 0 S Orth Dept of 
Pharmacology, Univ of Tl^isconsin Medical School, 
Madison (Read by title ) Several climcal reports 
have indicated that the synthetic sympathicolytic 
drug dihydroxyergotamine (D H E 45 — Sandoz) 
is as effective as ergotamine tartrate in the relief 
of migraine headaches In addition, it does not 
produce the disturbing side-effects of other ergot 
preparations used for treating this condition 

In the present investigation it has been found 
that D H E 45 prevents cyclopropane-epinephrine 
cardiac effects in the dog if 0 4 mg of the drug 
per kilogram of body weight is admimstered before 
or with the epinephrine injections This is approxi- 
mately twice the amount of ergotamine tartrate 


required for prevention of such nrrhjthmms The 
protertion lasts for nlxiut an hour The comjxiund 
docs not produrc an epinephrine reversal of the 
blood pressure in dogsancsthotired with nembutal, 
ainy tal, dielhy I ether or chloroform Instead there 
IS an elevation of blood pressure v hen epinephrine 
IS injected after D H L has been administered 
in the (lo'^age stated 

The absence of an oxytocic effect in the rat has 
been demonstrated by animals Iiaving intravenous 
injections of 5 and 10 mg /Ig made daily during 
the entire gcsLation period They Ixirc normal 
litters and nurtured them successfully while the 
injections were continued 

In chronic toxicity studies in rats, 1 25 mg /Ig 
of ergotamine tartrate administered intravenously 
each day routinely caused nccrosisanda dry gan- 
grene of the tip of the tail after only two to ten 
injections Gangrene was rarely produced in an- 
other group of animals similarly treated with 
DUE 45, with injections of 5 nnd 10 mg Ae » 
for more tluan thirty days Pathological changes in 
other organs from the action of each of these 
drugs arc being studied 

The mechanism of action of chloroform on the 
heart 0 S Orth nnd Roland R Liebenow 
(by invitation) Dept of Pharmacology, Univ 
of n'’:sconsin Medical School, Madison The general 
impression tluat the early toxic action of chloroform 
on the heart causes death by ventricular fibnlla- 
tion arose from initial studies made on cats De- 
spite repeated disproval of this mechanism m 
other species, the idea still is retained by many 
indiv'iduals 

The present study concermng the effect of 
chloroform on the heart was done wnth dogs 
Continuous electrocardiographic observation was 
made during the period of rapid, open-drop induc- 
tion and through the various planes of surgical 
anesthesia until respiratory arrest was attained 

Cardiac arrhy'thmiae frequently occurred They' 
were of various ty pes with ventricular standstill or 
cardiac arrest being the most serious Ventncular 
tachycardia and ventricular fibrillation were rarely 
if ever encountered If, at the time of such arrest, 
the anesthetic admimstration was stopped and 
artificial ventilation with atmosphenc air promptly 
initiated, the heart usually resumed a norma 
rhythm Failure to recogmze this early and ex- 
tremely toxic action of the agent and immediate y 
attempt to decrease its concentration in t e 
tissues IS believed to be the cause of early chloro 
form deaths They are preventable and have been 
incorrectly interpreted as being due to ventricu ar 
fibrillation . 

After such imtial anesthetization, if an amma 
again was deliberately depressed to 
arrest, cardiac arrhythmias frequently did no 
recur unless there was an ensuing hy'poxerma. 
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which per se will cause irregulanties to be initi- 
ated The effects of vagotomy, sympathetic de- 
nervation, the admimstration of epinephnne, and 
other procedures to determine the imtial site of 
action of chloroform in causing cardiac disturb- 
ances will be presented 

The effect of phlondzin on the renal excretion 
of mercury S Anderson Peoples Dept of 
Physiology and Pharmacology, Baylor Untv 
College of Medicine, Houston, Texas In prelim- 
inary studies on mercury poisomng, n e have found 
that 30 per cent of phloridzimzed dogs are pro- 
tected against the intravenous injection of 4 mg 
per kilogram of mercury as mercuric chloride, a 
certain fatal dose 

Since mercury specifically damages the cells of 
the proximal convoluted tubule of the kidney, it 
was thought that the phlondzin acts by preventing 
these cells from taking up mercury from the glo- 
merular filtrate, preventing the accumulation of a 
toxic concentration of mercury in these cells, and 
increasing the rate of mercury excretion 
To test this theory, simultaneous mercury and 
inulin clearances were run in normal and phlorid- 
zimzed dogs Three normal dogs gave mercury 
clearances of 20, 22, and 30 cc /nun /M- with 
corresponding inulin clearances of 68, 91, and 89 
cc /min /M* Three phloridzimzed dogs gave 
mercury clearances of 10, 9, and 12 cc /nun /M* 
with corresponding inulin clearances of 135, 65, 
and 90 cc /min /M’ 

The lack of proportionality between the inulin 
and mercury clearances and the 60 per cent reduc- 
tion in the mercury clearance after phlondzin 
indicate that our theory is incorrect A more likely 
mechamsm is that mercury is excreted almost 
entirely by the tubules and that phlondzin reduces 
the rate of mercury transport through the tubular 
cells These cells apparently are able to carry 
mercury without injury up to a critical rate beyond 
which they are damaged 

If this assumption is correct, other substances 
interfering with tubular excretion should exert 
a protective action in mercury poisoning, and 
studies on benzoic acid, fiara aminohippunc acid 
and diodrast are under nay 

Action of tetraethyl ammonium bromide on 
the superior cervical ganglion S A Pereira 
(by invitation) and G H Acheson Dept of 
Pharmacology, Hariard Medical School, Boston, 
Mass The vasodepressor action of tetraethyl 
ammonium has been shon n to be duo to a blockage 
of vasoconstrictor nerv e impulses at the autonomic 
ganglia (Achesonand Moo, in press) This blockage 
was analy zed in the superior cervical ganglion of the 
cat, using tho contractions of the nictitating mem- 
brane ns an indicator of ganglionic transmission 
Contractions produced by epinephnne, by stimu- 
lation of the post gangliomc nerves, or after 


crushing the ganglion, by acetylcholine are un- 
affected by tetraethyl ammomum bromide injected 
intraarterially or intravenously When the mem- 
brane and the ganglion are otherwise unstimulated, 
tetraethyl ammomum elicits only small contrac- 
tions of the mctitating membrane in rather high 
doses It does this whether the ganglion is intact 
or crushed 

During continuous stimulation of the pregangh- 
omc nerve, injections of tetraethyl ammomum 
cause temporary relaxation of the membrane, 
whose degree and duration increase with the dose 
(0 3 to 30 mg per kg intravenously) Except with 
the largest doses, this effect is repeatable The 
stimulating action of acetylcholine on the ganghon 
IS prevented by adequate doses of tetraethyl 
ammomum but that of potassium ion is not 

These results confirm previous findings that 
tetraethyl ammomum ion lacks muscanmc and 
anti-muscarimc actions They also show that it has 
little mcotimc-stimulatingaction The outstanding 
effect IS a blockage of the ganglion sirmlar to that 
produced by curare 

Quantitative studies on intradermal wheals 
n The use of a skin plethysmograph to study 
changes in the volume of cutaneous wheals 
C C Peeifteb Dept of Pharmacology of the 
Univ of Illinois College of Medicine, Chicago 
Changes in the volumes of intradermal wheals 
made with physiological saline solution. Ringer’s 
solution, solutions of various local anesthetics, 
and of various colloids have been followed by means 
of a skin plethy smograph The curve of volume 
change is of value in determimng wheal disappear- 
ance time and the inflammatory action to the 
dissolved chemical compounds The instrument 
has also been used to measure the increases in 
volume of wheals produced by histamine diphos- 
phate (1 1000) Under standard conditions of 
application of the histamine, the curv es of increase 
in the volume of the wheals were constant from 
day to day in the same subject Theanti-histamine 
drug "Benadryl" given prophylactically in single 
doses of 100 mg orally produced a marked and 
characteristic decrease in the volume grow th curve 
of tho histamine wheals 

A study of the variables affecting the precision 
of the assay of estrogens L I Pugslet Laby 
of Hygiene, Dept of National Health and Welfare, 
Otlaipa, Canada The slope of tho regression lines 
were calculated from tho data obtained after 
subcutaneous and oral admimstration of a number 
of estrogens showing that the subdivision of the 
doses, time of smearing and time of dosing were 
imjxirtant factors in determimng the precision of 
the biological assay of these substances 

Comparative toxicity and ctlicacy of "Urea 
Stibamines” in experimental leishmaniasis 
RachaelK Reed, JosEPHixEhLAR and Hamilton 
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H Andekson * Divistoji of Pharmacology and 
Experimental Therapeutics, Univ of California 
Medical School, San Francisco “Urea Btibamine” 
was introduced by Brahmaclmn in 1922 ns an 
effective pentavalcnt nntimonial compound for the 
therapy of leishmaniasis Since then a number of 
efforts have been made in the United States to 
synthesize this agent, vhich is of uncertain struc- 
ture and of varying antimonial content 
ToMCity tests in mice of various lots of recent 
manufacture revealed marked differences m 
response Intraperitoncal injection of Brah- 
machari’s “urea stibaminc” in inbred, starved, 
white mice indicated that this compound had an 
LDso of 404 ± 27 mg /kg No significant signs 
of tOMCity were noted Congestion of the In er and 
peritoneum vas observed in some animals In 
one of several lots of an American product the 
LDbo in mice was 26G ± 19 mg /kg Those animals 
showed marked protrusion of the eyeballs and 
hemorrhage into the ocular tissues In some mice 
opacity of the cornea developed Before death 
the respiration vas sloised, and a flaccid paraljsis 
of the hind legs occurred Congestion of the lungs 
was observed postmortem 
For the treatment of experimental infections of 
Leishmania donovani in inbred, male, Sjrian 
hamsters {Cncetus avraius) Brahmachari’s com- 
pound was given to 5 ammals in 6 daily intra- 
peritoneal doses of 120 mg /kg (hi T D ) each 
A few L D bodies were found in Geimsa stained 
smears of splenic tissue, but subcultures in N N N 
medium resulted in no growth The American 
product, 142 5 mg /kg (hi T D ) daily, given 
for 6 days, cleared 4 of 5 ammals of their infection 
In each series spleens appeared of average size 
The antimomal content of the Brahmachari 
preparation was 47 16%, while the American 
compound contained 43 0% [The work described 
in this paper was done under a contract, recom- 
mended by the Committee on Medical Research, 
between the Office of Scientific Research and Develop- 
ment and the Univ of California ] 

Chemotherapy of plasmodium knowlesi in- 
fections in macaca mulatta monkeys Arthur 
P Richardson, R I Hewitt (by invitation), 
L D Seager, hi hi Brooke (by invitation), 
F hlARTTN, and H MIaddux (by invitation) 
Dept of Pharmacology, Univ of Tennessee, 
Memphis, Division of Pharmacology, The Squibb 
Inst for Medical Research, New Brunswick, N J 
Intravenous injection of 50 million parasitized 
cells per kilo produced infections in Macaca 
mulatta monkeys comparable to those ordinarily 
used in chemotherapeutic studies with avian 
malarias Two observations were used as criteria 
of effect of drugs a) per cent mortality within 
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ten days after inoculation, b) highest of daily 
panisifc counts up to and including the tenth day 
after inoculation Drugs v ere administered at Qight 
hour intervals beginning 15 hours after inocula- 
tion and continuing for five days Under these 
standardized conditions sulfadiazine was found 
to be approximately 175 times ns active ns quinine 
in Biijipressing this infection Delaying treatment 
for 72-SO hours had little effect on the dose of 
sulfadiazine or quinine required to save infected 
animals The clicmotlicrnpculic effect of sulfa- 
diazine was effectively antagonized by concomitant 
administmtion of para ammo benzoic acid We 
have confirmed the observations of others that 
sulfonamides effect a radical cure of this infection 
[7Vic uorl described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, bctxcccn the Office of Scientific Research 
and Dciclopmcnt and the Univ of Tennessee ) 
Absence of significant changes in blood coagu- 
lability during digitalization Javies A Richard- 
son (bv invitation) and R P Waiton Dept 
of Pharmacology, Medical College of South Carolina, 
Charleston Thrombus formation and embolization 
following digitalis administration have been 
attributed to a claimed increase in blood coagula- 
bility’ produced by digitalization Our experiments 
fail to support any claims that digitalis prejiara- 
tions significantly affect blood coagulation time 
in dogs and arc in essential agreement with two 
more recent reports presenting similarly negative 
results (Fed Proc 4 132, 136, 1945) The condi- 
tions of our present experiments have been de- 
scribed in a previous examination of reputed 
anti-coagulant drugs (J P E T , 72 146, 1941) 
Digitalis preparations were admimstered by’ the 
intramuscular injection of ampoulcd, proprietary 
solutions in doses of ^ to J cat units per kg , 
the most usual dose being i unit of Digifolm 
per kg Coagulation time of venepuncture 
samples w’as determined over periods up to 4 hours 
following the drug injection In 10 dogs, the average 
pre-digitalis coagulation time was 5 78 nun (S D 
of 57 min w’lth 20 detns ), the average post- 
digitalis coagulation tune was 5 01 nuns (S D o 
1 04 min with 40 detns ) This extent of decrease 
in coagulation time is no greater than that o 
tamed in previous experiments w’lthout digita is , 
it may be attributed, for instance, to the effects o 
the anesthetics used (pentobarbital and amyt^*' 
or to the production of thromboplastic substances 
through repeated venepunctures Nine experi 
ments with doses of 0 1 and 0 2 mg 
heparin intravenously gave no evidence 
digitalization affected the typical course of heparin 
effects The in vitro addition of stock solutions oi 
digitalis preparations to drawn blood in a ratio o 
1 to 5 had no important effect on coagulation time 
The mechanism of action of prostigmin 
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Walter F Rikeb (by invitation), W Clarke 
Wescoe (by invitation), McKeen Cattell, and 
Ephraim Shorr Depis of Medicine and Pharma- 
cology, Cornell Untv Medical College and The New 
York Hospital, New York City It has been sug- 
gested by others that prostigmine produces 
cholinergic effects in addition to its inhibition of 
cholinesterase The structural formula of this 
agent reveals it to be an analogue of both the 
natural and synthetic choline esters Since the 
pharmacological effects of all these substances are 
similar, the possibility vas entertained that there 
might be a common chemical action for all, rather 
than an entirely different mode of action for 
prostigmine 

The inactivation of muscle cholinesterase by 
di-iso-propyl fluorophosphate has provided umque 
expenmental conditions for the exploration of this 
concept Under these circumstances any cho- 
linergic effect would be attributable to an action 
other than that arising through cholinesterase 
inhibition Utilizing the intact cat gastrocnemius, 
muscle chohnesterase activity was destroyed by 
the intra arterial injection of di iso propyl fluoro- 
phosphate At this time, the responsiveness of 
the muscle was tested to the intra arterial injection 
of acetylcholine, carbamj 1 choline and prostigmine 
Similar contractile responses vere obtained with 
all three , from which it was inferred that prostig- 
mine acts on the effector coll in similar fashion to 
the true choline esters 

It IS of further interest that the other property 
of prostigmine, namely cholinesterase inhibition, 
IS also shared by the sjnthetic choline esters, as is 
particularly evident with therapeutic amounts of 
carbamj 1 choline in man 

A further similaritj between the action of 
prostigmine and the choline esters has been found 
in the curanzation of cat muscle by prostigmine 
This observation may have climcal implications for 
the optimal use of prostigmine in mj asthenia 
graxis [The worl described in this paper was 
carried out under a contract between The Chem- 
ical Warfare Service, V S Army and Cornell 
Vniv Medical College ] 

Dose and intcnsitj’ of action and elimination 
of prostigmine M A Root (introduced by O 
Ivraier) Dept of Pharmacology, Hariard Medi- 
cal School, Boston, Mass Further experiments 
(Fncnd, D and O Krajer, J Pharmacol and 
cvper Therap,72 15, 1941) haxe been conducted 
following the serum cholinesterase actmtj (deter- 
mined bj the Warburg manometnc tcchmque) 
in dogs and man Single oral doses and intraxcnous 
infusions were gixcn in anesthetized dogs and in 
man As was found with phjsostigmino (Krajer, 
O , A Goldstein, and F Tlachte, J Pharmacol 
and exper Thcrap , SO S, 1944) on continuous 
infusion, as the intonsitj of the inhibition in- 


creases much greater amounts of prostigmine must 
be given to produce a further increase in exderase 
inhibition (Ifrayer, O , J Nervous and Mental 
Diseases, 100 617, 1944) This effect is most marked 
with doses less than 1 microgram per kilogram per 
hour and greater than 10 micrograms per kilogram 
per hour In all expenments constant levels of 
cholinesterase inhibition were reached and main- 
tained Recovery of cholinesterase activity began 
immediately upon cessation of the infusion 
Inhibition established by continuous infusion 
was intensified by tying off the kidneys, con- 
firnung (Friend, D and O Kraj'er, J Pharmacol 
and exper Therap 72 15, 1941) that part of the 
elimination of prostigmine proceeds xua the kidney 
Infusion into the portal sjstem leads to a lesser 
degree of inhibition than infusion into the femoral 
vein, indicating that part of the destruction of 
prostigmine proceeds in the liver 

Oral administration of prostigmine to dogs 
produces maximal inhibition of cholinesterase 
activity in from 1 to 4 hours Identical doses in 
the same dog produced widely dixergent degrees 
of cholinesterase inhibition Recoverj to normal 
cholinesterase activity proceeded at about the 
same rate in each experiment 

Continuous infusion of prostigmine in patients 
with myasthema gravis has produced levels of 
cholinesterase inhibition m from 3-5 hours The 
dose resjionse curve appears to be moved to the 
right in man as compared with dogs 

On the permeability of the nerve axon to diiso- 
propylfluorophosphate M A Rotheebebo and 
D Nachmansohn (introduced bj H T Clarke) 
Depis of Neurology and Biochemistry, College 
of Physicians and Surgeons, Columbia Univ , 
New Yorl Expenmental evidence indicates that 
the release of acetjlcholine is closelj associated 
with the nerx e action potential It maj be assumed 
that the ester dcjiolanzes the nen e membrane by 
rendenng it permeable to all ions and thus permits 
flow of current The function of cholinesterase is 
then the inactivation of the ester leading to rapid 
restoration of the polarized state of the mem- 
brane 

In agreement with this concept, it has been 
showm in expenments on the giant axon of squid 
that conductnitj is rapidlj abolished if the axon 

15 kept in csenne and the acetjlcholine released 

16 thus protected against the action of cho- 
linesterase (Bullock, Nachmansohn, and Rothen- 
berg) The effect IS casilj reversible in agreement 
with the well known rcvcrsibihtj of the enzjme 
inhibitor complex Prostigmine, on the other liand, 
which, like acotvlchohne, is a quaternarv ammo- 
nium salt has no effect on the nerve action poten- 
tial, because such comjxiunds cannot permeate the 
lirxiid membrane In view of the strong anti- 
chohnesterasic effect of diisopropj Ifluoropbosphatc 
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(DFP) its effect on conductivity has been tested 
in collaboration with T H Bullock The purpose 
was to test the permeability of the nerve membrane 
to DFP and the reversibility of the cnrymc in- 
hibitor complex 

It was found that the action potential is 
reversibly abolished The data obtained so far 
will be presented and discussed 

Differentiation between the effects of DFP and 
eserine may be obtained by studying their action 
on the electrophoresis of pure cholinesterase 
Pure enzyme has been prepared by fractionate 
ammomum sulphate prccipitationand, in collabora- 
tion wnth K G Stern, by ultraccntrifugation 

The response of “fatigued” mjocardium to known 
concentrations of a cardiac gljcosidc William T 
Salter and (by invitation) Wallace F Wiiitf 
Dept of Pharmacology, Yale Univ School of 
Medicine Isolated papillary muscles from right 
ventricles of cat hearts were electrically stimu- 
lated at aumform rate in order to “fatigue” them 
They were then treated w ith a scries of know n con- 
centrations of a cardiac glycoside and the response 
determined by measuring the height of isometric 
contractions Fresh muscles failed to respond to 
relatively high concentrations of ouabain The 
greater the “fatigue,” the lower was the concen- 
tration needed to evoke a response Concentra- 
tion-response curves were linear when log concen- 
tration of ouabain was plotted against millimeter 
contraction of a single muscle This linear response 
provides a means of determining threshold (1 fig%), 
maximal (10 /ig%), and toxic (20 ng%) concentra- 
tions of ouabain and other cardiac drugs on the 
same muscle 

Various types of “fatigue” were tried Muscles 
were “fatigued” by modifying the fluid medium 
Krebs-Henscleit modified Locke’s solution would 
not permit these muscles to become “fatigued” for 
days but when phosphate buffer was substituted 
for carbonate buffer they declined rapidly Hy- 
poxia was not smtable for “fatiguing” because 
improvement by drugs was not possible without 
introducing oxygen Small amounts of serum and 
changes in the concentration of certain ions were 
also effective Muscles kept under adverse condi- 
tions too long became irreversibly unresponsive 
[Grant from the Fluid Research Fund ] 

A method for the assay of adrenocorticotropic hor- 
mone Marion A Sayers and George Sayers (in- 
troduced by Louis S Goodman) Dept of Pharma- 
cology, Univ of Utah School of Medicine, Salt Lake 
City The relationship which exists between the 
concentration of ascorbic acid in the adrenal and 
the adrenocorticotropic activity of the anterior 
pituitary has been used as a basis for the assay of 
pituitary adrenocorticotropic hormone (ACT) 

Male rats, 100 to 125 grams in body weight, were 
hypophysectomized Eighteen to 24 hours later the 


left adrenal was removed under sodium pentobar- 
bital anesthesia and anal} zed for ascorbic acid 
A solution of the material to be assayed was then 
injected intravenously One hour after the begin- 
ning of the injection the right adrenal was removed 
and analyzed for ascorbic acid The reduction in 
adrenal ascorbic aeid, expressed as the difference 
between the content of this substance in the left 
and right adrenals, in proportional to the amount 
of A C T injected Doses of purified ACT equal 
to 10, 5 and 2 5 micrograms per 100 grams of body 
weight produced rcsjicctivcly decreases in adrenal 
ascorbic acid of 20 ± 13, 1C3 ± 27 and 133 ± 9 milli- 
grams per 100 grams of tissue 
The method is being applied to the assay of 
ACT in certain body tissues and fluids [Aided 
byagranl from the Utah Copper Company Research 
Fund, Univ of Utah School of Medicine ) 
Regulation of pituitary adrenocorticotropic ac- 
tivity Gronor Savfrs and Marion A Savfrs (in- 
troduced by Louis S Goodman) Dept of Pharma- 
cology, Univ of Utah School of Medicine, Salt Lake 


City Adrenal ascorbic acid decreased from 419 ± 7 
to 273 ib 11 milligrams per 100 grams of tissue fol- 
lownng exposure of rats to 3°-5°C for one hour 
This decrease was shown prcvnously to be due to 
increased elaboration of adrenocorticotropic hor- 
mone from the pituitary Administration of corti- 
cal extract one hour previous to the beginning of 
exposure inhibits pituitary adrenocorticotropic 
activity A relationship exists between the dose of 
cortical extract and the degree of inhibition Sub- 
cutaneous injection of 0 2, 0 1, and 0 01 ml of cor- 
tical extract (Upjohn) per 100 grams of body 
weight resulted respectively in the follownng levels 
of adrenal ascorbic acid, 406 ± 19, 347 ± 30 and 
287 ± 25 imlli grams per 100 grams of tissue The 
imnimum effective inhibitory dose (M E I D ) of 
cortical extract under these conditions lies be- 
tween 0 1 and 0 2 ml per 100 grams of body 
The M E I D , expressed as imcrograms per 1 
grams of body weight, is 50-200 for corticosterone 
and 200-400 for desoxycorticosterone One mil i 
gram of progesterone had no inhibitory effect 
Therefore, replacement of OH on Cn wuth H causes 
considerable loss of activity The OH on Cji aP' 


pears to have slight influence upon activity 

It has not been defimtely established whet er 
cortical hormones act directly or indirect y 
through metabolic changes to inhibit the elabora 
tion of pituitary adrenocorticotropic hormone 
However, the fact that corticosterone and desoxy 
corticosterone differ considerably m 
bolic activity and yet have approximate y 
same inhibitory potency on the pituitary sugges^ 
that these compounds act directly on this g an 
[Aided by a grant from the Utah Copper , 

Research Fund, Univ of Utah School of S e ict 
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The action of 1 , l-diphenyl-l-(dimethylaminoiso- 
propyl)-butanone-2, a potent analgesic agent 
Charles C Scott and K K Chen Lilly Re- 
search Labys , Indianapolis The compound as 
given in the title a as tested for a number of phar- 
macologic reactions Its analgesic effect in rats 
(Haffnertechmc), dogs, and humans (Wolff-Hardy 
method) is approximately equal to morphine 
Other actions of this substance resemble those of 
morphine, but there are also distinct differences 
Similar effects are as follows In analgesic doses, it 
produces marked respiratory depression in dogs 
with or without anesthesia Heart rate may be 
slowed to 30 per minute, slowing being mainly 
vagal Salivary secretion is stimulated in the un- 
anesthetized dog, but is slightly depressed in anes- 
thetized animals Mice show typical Straub reac- 
tion and rats develop postural rigidity In contrast 
to morphine, the product has a weak antispas 
modic action on the isolated gut and in unanes- 
thetized dogs, an absence of emetic action in dogs, 
and a much weaker stimulating effect in cats Dogs 
do not appear to develop tolerance to its analgesic 
action Toxicity studies (LDjo in mice and feeding 
experiments in rats) have heen earned out No 
effect was noted on red or white blood cells of rats 
or dogs during 28 consecutive days of medication 
In man, the drug in 5 mg doses, orally, is an effec- 
tive analgesic, being readily absorbed by this route 
and partially excreted in the urine This dose pro- 
duces little or no effect on heart rate and respira- 
tion Slight lightheadedness may result from this 
amount, but euphoria apparently does not occur 
Climcal trials are warranted 
Insulin resistance in owls Charles C Scott 
andK K Chen Lilly Research Labys , Indianapo- 
lis Effect of intravenous injections of insulin on 
blood sugar was studied in 9 horned owls {Bubo 
oirginianus) A stock solution of insulin containing 
600 units per cc was used Doses varied from 2 to 
4000 units per kg They uniformly caused a fall of 
blood sugar Hypoglycemia was not always pro- 
portional to the amount of insulin administered 
The results of small and large doses differed in 
duration of hypoglycemia, primary hyperglyce- 
mia, and lethal action Injections of 2 to 32, 64 to 
512, and 1000 to 4000 units per kg caused a hypo- 
glycemic action of 8, IS, and 119 hours’ duration, 
while the moan lowest blood sugar in each group 
was 113, 124, and 71 mg per cent, respectively 
Doses of 64 to 512 units per kg produced a pnmary 
hyperglycemia, the aierago rise in blood sugar 
being 38 mg per cent and lasting an hour Pnmary 
hy porgly ccmia following 1000 to 4000 umts per kg 
amounted on the aierage to 65 mg per cent and 
lasted 4 hours The hi pergly cemic action was not 
duo to impurities in regular insulin, since identical 
results were ohtaincd with crystalline insulin 
Doses of 1000 to 4000 units per kg caused death in 


4 of 11 tests, the hypoglycemia being more severe 
in those owls that died No convulsions occurred 
at any time, even with extreme prolonged hypo- 
glycenua with blood sugars as low as 13 mg per 
cent There was prostration during hypoglycemia 
The acute and chronic toxicity of stilbamidine 
Llotd D Seager and Gina Castlenitovo (by in- 
vitation) Depts of Pharmacology and Anatomy, 
Woman's Medical College of Pennsylvania Mice 
given 100 mg /kg orally of stilbamidine daily for 
120 days, showed some fatty metamorphosis of the 
liver and in some instances marked degeneration 
of the renal convoluted tubules No evidence of 
damage was found in other organs Cloudy swell- 
ing and slight tubular degeneration in the kidney 
were found in mice receiving 10 mg /kg daily for a 
week Distension of central veins, sinusoids and 
often of the interlobular veins was an iniariable 
feature in all the experiments 
Rabbits injected subcutaneously with 60 
mg Ag or over usually die in one to ten days 
They show loss of appetite, weight and weakness 
Sometimes diarrhoea is a prominent feature Rab- 
bits treated wuth 10 mg Ag daily all die before the 
tenth dose In rabbits receiving 100 mg Ag con- 
vulsions and death occurred in a few days These 
symptoms and death are attributed to a fall in 
blood pressure One group of animals treated wnth 
25 mg /kg once a week survived for four to five 
weeks The most marked tissue changes were seen 
in the last group Striking fatty metamorphosis of 
the liver and extensive tubular degeneration m 
the kidney with some involvement in the glomeruli 
was noted The central vein and sinusoids in the 
liver were very distended A prominent feature of 
toxicity seen in rabbits but not in mice is a delay ed 
effect [This investigation was made with the assist- 
ance of a grant from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry of 
the American Medical Association The stil- 
bamidinc used was supplied by Merck and Co ] 

The antipyretic action of camphor Kathleen G 
W Seymour (by invitation) and Eldon M Boyd 
Dept of Pharmacology, Queen’s Untv , Kingston, 
Canada The internal use of pharmaceutical prepa- 
rations of camphor was formerly a common pro- 
cedure in the symptomatic treatment of feier 
Modern textbooks of pharmacology still contain 
reference to the reputed antipyretic action of 
camphor, some noting that it is used as a homo 
"remedy” for feier No recent research has been 
done upon the subject Hence camphor was given 
parenterally and by stomach tube in a wrdc range 
of doses to some 500 animals (albino rats, guinea- 
pigs, rabbits and cats) wnth an artificial fcier pro- 
duced bi injection of peptone Phenarone, used as 
a control, caused a return toward normal of the 
febrile temperature, but camphor had cither no or 
a xory feeble antipirctic effect Camphor had no 
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effect upon normal body tcmpernturc Neither wne 
camphor antipyretic, to any dcgtce, in natural 
fever caused by infection of several rabbits, albino 
rats, guinea-pigs and cats For parenteral use, 
camphor dissolved in oil v, as given and for stomach 
tube administration, spirit of camphor, and the 
dose ranged from small doses up to those iihich, 
in cats, produced convulsions It i\ns concluded 
that camphor has little or no antipyretic action 
Pharmacological studies of nnti-liistaminc com- 
pounds T R SnnnnoD, II F Sciii oi uru and E 
R Loew (introduced bv C C Pfeiffer), Dc-pl oj 
Pharmacology, Umv of Illinois College of Medi- 
cine, Chicago The anti-histamine compounds, 
/3-dimethylaminoethyl bcnzhj’drjl ether IlCl 
(Benadryl), N-p-metho\ybenzyl-N-dimethylami- 
noethyl a-aminopyridine HPO< (27SG RP), and its 
homologue, N-benzyl-N-dimethylaminoethjl a- 
aminopyridine HCl (63-C or Pjnbenzamine) were 
administered intravenously in doses of 3 mg / 
kg to intact dogs anesthetized vith pentobar- 
bital sodium Respiration vas stimulated, espe- 
cially by the latter two drugs After a slight initial 
fall each drug raised the blood pressure about 10 
mm Hg for several minutes following injection 

Benadryl diminished the depressor action of his- 
tanune and acetylcholine, augmented the pressor 
action of epinephrine, decreased duodenal motility 
and had no effect on uterine activity 

Compound 2786 RP (Bovet and Walthert, 1944) 
is also a potent anti-histaminc compound in that it 
dimimshed the depressor effect of histamine The 
pressor action of epinephrine was enhanced Un- 
like Benadryl, 2786 RP stimulated uterine and 
duodenal activity and did not inhibit the depressor 
action of acetylcholine 

Under the conditions of the experiment no sig- 
nificant quantitative or qualitative differences 
between 2786 RP and its homologue, Pynbenza- 
mine (Mayer et al , 1945) could be demonstrated 

It IS concluded that the three anti-histamine 
drugs dimmish the depressor effects of histamine 
and potentiate the pressor action of epinephrine in 
the anesthetized dog In addition to inhibiting the 
spontaneously active duodenum, Benadryl an- 
tagonizes the spasmogenic effects of histamine and 
acetylcholine In contrast, both of the a-amino- 
pyndine compounds stimulate the duodenum and 
uterus and do not inhibit the depressor action of 
acetylcholine 

The adenosinetriphosphatase activity of smooth 
muscle Haron 0 Singher and Nathan Mile- 
man (introduced by R A Woodbury) Physiology 
and Biochemistry Division, Ortho Research Foun- 
dation, Linden, N J The Adenosinetriphospha- 
tase activity of various organs auth nonstriated 
muscle component was studied A comparison was 
made of the activity in the uterus of rats and rab- 
bits The relationship between enzymatic activity 


and tlic stage of cstrous cycle in rata vna investi- 
gated The effects of additions of chemical media- 
tors sucli as acetylcholine and epinephrine and of 
smooth muscle depressants and stimulants such ns 
the posterior pituitary oxytocic principal were 
examined 

The modifying action of neostigmine on pain 
threshold responses to various opiates Donald 
Si AUOiiTi R Dept of Physiology and Pharma- 
cology, Southwestern Medical College, Dallas, 
Texas Sometime ago, we reported that in human 
subjects neostigmine enhanced the analgesic ac- 
tion of the usual therapeutic doses of morphine, 
when tested by a modified WoIff-IIardy-Goodell 
pain threshold apparatus, to the extent that ap- 
proximately one lialf the amount of morphine plus 
neostigmine would be ns effective as twice that 
amount of morphine alone Further studies, com- 
prising 293 experiments on 61 subjects, indicate 
that neostigmine (0 6 mg ) potentiates the anal- 
gesic effects of "Dilnudid,” “Pantopon,” and 
codeine, when administered together subcutane- 
ously The effectiveness of one half of the doses 
(3, 10, and 32 mg , rcspcctiv cly ) of the abov c-roen- 
tioncd opiates plus neostigmine is equal to ap- 
proximately the effects of twice the dose (6, 20, and 
64 mg , respectively ) of these opiates administered 
alone With respect to codeine, the effect of the 
combination is greater than twice one half the 
dose In addition to the above experiments, the 
analgesic actions of monoacetyl morphine were 
studied Results show that a single dose of 4 mg of 
this opiate was as effective as 16 mg of morphine 
sulfate However, monoacctyl morphine was not 
enhanced by neostigmine 

It has been argued that potentiation of mor- 
phine analgesia by neostigmine w as not valid since 
the half doses of opiates used increased the pain 
threshold response when administered alone How- 
ever, 4 mg of morphine alone produced only a 
slight change in the pain threshold response, but 
when combined with neostigmine the analgesic 
effect was markedly enhanced work was 

made possible by a grant-in-aid from Hoffmann-La 
Roche, Inc , Ntiiley, New Jersey ] 

Studies on Bromaspirin Donald Slaughter, 
Jabez Galt and Jane C Neff Dept of Physt 
ology and Pharmacology, Southwestern Medica 
College, Dallas, Texas (Read by title ) A modified 
Wolff-Hardy-Goodell apparatus was used to test 
the effect of “Bromaspirin” ( 5 -Bromoacetyl- 
salicylic Acid) on pain thresholds in man These 
results were compared with similar dosages o 
acetanilid A total of 32 experiments w'ere per- 
formed on 9 subjects Dosages used w ere 0 16 gram, 

0 3 gram, and 0 6 gram, of acetamlid and Brom- 
aspirin,” respectively The maximal effects o 
acetamlid and “Bromaspirin” were reached 30 
minutes and 45-60 minutes, respectively , followung 
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oral administration It was concluded from the 
results of these pain threshold responses that 
“Bromaspirin” is tmce as effective in its analgesic 
properties as acetamlid In addition, there n ere no 
untoward reactions from the “Bromaspinn,” 
whereas acetamlid, especially at a 0 6 gram dosage, 
provoked various unpleasant manifestations 
Acute toxicity expenments now in progress indi- 
cate that “Bromaspinn” has approximately the 
same LDm as aspinn Further data on acute, as 
well as chrome, toxicity experiments will be re- 
ported at a later date [This work was made pos- 
sible by a grant-in aid to one of vs (D S ) from Dr 
James C Munch, Upper Darby, Pennsylvania ] 
Determination of salicylate fractions in unne fol- 
lowing the administration of salicylates Paul K 
Smith and Helen L Gleason Dept of Pharma- 
cology and Biochemistry AAF School of Aviation 
Medicine, Randolph Field, Texas (Read by title ) 
Estimations of the free salicylate, sabcyluric acid 
and total salicylates were made in urine by colori- 
metric methods similar to those of Brodie, Unden- 
fnend, and Coburn (J Pharmacol , 8G 114-17 
(1944) for plasma Dilute unne nas extracted with 
ethylene dichlonde and the color formed with iron 
measured as in the plasma method A similar pro- 
cedure using carbon tetrachloride instead of ethyl- 
ene chlonde was carried out From standard solu- 
tions It was shown that pure salicyluric acid gave 
0 82 of the color given by an equimolecular quan- 
tity of salicylic acid and that ethylene chloride ex- 
tracted 0 90 of the salicylate and 0 73 of the salicy- 
luric acid nhile carbon tetrachloride extracted 0 92 
of the salicylic acid and 0 05 of the salicj luric acid 
From this data the amounts of salicy luric acid and 
salicylic acid in urine samples could be calculated 
Total salicylate was determined by heating dilute 
urine on the steam bath with concentrated hydro- 
chloric acid and estimation of the salicy late color 
Under the conditions of the method only one third 
of the salicyluric acid was hydrolyzed and a small 
correction v, as made for the unhydroly zed portion 

This method, of course, does not take into ac- 
count the fractions not containing salicy 1 radicals, 
as described by Kapp and Coburn (J Biol Chem 
145 549, 1942) 

It has been determined that chloroform instead 
of ethylene dichlonde can be used for plasma de- 
terminations 

Studies on the pharmacology of salicylates Paul 
K Smith, Helen L Gleason, Charles B Stoll 
and S OnoonzALEK Dept of Pharmacology and 
Biochemistry, AAF School of Aiiation Medicine, 
Randolph Field, Texas The metabolism of salicyl- 
ates n as studied in both rheumatic fe\ er and other 
patients Plasma lo\ols of salicylate were done by 
the method of Brodie, Udenfnend and Coburn (J 
Pharmacol SO 114-17 (1944) Unnary factions of 
free salicylate, Balic\lunc acid and total salic\late 


were done by methods devised m this laboratory 

It was demonstrated that the admimstration of 
ammomum chlonde resulted in more sustained 
plasma salicylate levels while the administration 
of sodium bicarbonate was associated with much 
lower levels, in confirmation of the observations of 
Smull, Wegna, and Leland (J Am Med Assoc 
125 1173-75 (1944) The effect of the acid or alka- 
line salts on the excretion of salicylunc acid or 
salicyl glycuromdes was very small, but there was 
a large increase in the excretion of free sahcylate 
when sodium bicarbonate was given There was a 
marked dependence of renal clearances of free 
sahcylate on the unnary pH, with a sharp increase 
above pH 7 0 

Most of the sahcylate in human plasma is bound 
to the non diffusible components, presumably 
plasma proteins The amount bound in vitro is 
similar to the amount bound in vivo. Even at high 
plasma sahcylate concentrations very little sah- 
cylate concentrations very little sahcylate is in 
the erythrocytes 

After the oral admimstration of aspinn the only 
detectable form of sahcylate in the plasma is free 
sahcylate When aspinn, freshly neutralized with 
sodium bicarbonate, was given intravenously to 
dogs plasma samples taken one hour later revealed 
only free sahcylate 

The pharmacologic action and metabolism of a 
series of compounds chemically related to DDT 
M I Smith, H Bauer (by invitation), E F 
Stohlman (by invitation) and R D Lillie Dim- 
ston of Physiology and the Pathology Laby , Na- 
tional Inst of Health, Bethesda, Md The acute 
toxicity in rats, the chrome toxicity and micro- 
scopic pathology in rabbits, and the metabolism in 
rabbits were studied in a senes of tnehe com- 
pounds structurally related to DDT (p,p'-dichloro 
diphenyl tnchloroethane) Some of the compounds 
had no halogen in the molecule, several had 
chlonne in the benzene nucleus only , others had 
chlorine in the ethane group only , tw o of the com- 
pounds were partially dechlonnatcd in the ali- 
phatic chain, and one of the compounds differed 
from DDT by havnng bromine replacing the chlo- 
rine in the benzene nucleus The results of the 
study permit the following conclusions 

1 The characteristic neurotoxic and hepato- 
toxic actions of DDT are dependent on five halo- 
gens in the molecule 

2 Compounds v\ ith either aromatic or aliphatic 
halogen alone, and compounds partially dechlonn- 
ated in the ethane group are much less toxic than 
DDT They exhibit little or none of the central 
nervous system actions of DDT 

3 Two of the compounds, the partially dcchlo- 
nnated p,p'-dichloro diphenyl dichloroethanc and 
the bromine analogue of DDT, are degraded like 
DDT and excreted in the unne as the acetic acid 
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derivative, while all the others studied have 
yielded excretory products in the urine which 
when examined spcctropliotometricallj by the 
method of Schcchter and Haller (Jour Am Chcni 
Soc 6G 2129, 1944) were indistinguishable from 
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the compounds themselves, and they are presumed 
to be excreted unchanged 
The accompanying chart shows the structure of 
the compounds, the LDeo for rats, the effects on 
the central nervous system (CNS) and extent of 
liver necrosis (LN) in rabbits, and the absorption 
maxima on spectrophotometric examination of the 


nitration products of the compounds themselves 
(In Mtro) and of the cxcrctorj products in the 
urine of rablnts (In \ i\ o) 

The infliioncc of strcptomjcin and promin on the 
proliferation of tubercle bacilli In the (issues of (he 
albino rat M I Smith, Wm T McClosky and 
E W Lmmaiit (lij invitation) Division of 
Physiology, halional Inst of Health, Bethesda, 
Md Four groups of rats, twelve each, were inocu- 
lated intrapcritoncallj with 2 5 mg tubercle 
bacilli, human strain A27 and treated as follows 

A 50,090 units strcptomjcin per kg intra- 
muscularlj per day, and 0 75% promin (so- 
dium p,p'diaminodiphcnjlsulfonc-N N'di- 
dextroscsulfonatc) in the diet for 3C dajs 

B 0 75% promin in the diet to termination of 
experiment 

C 50,000 units strcptomjcin ns in A, and no 
promin, for 3G dajs 

D Untreated controls 

At 2S to 53 days after inoculation the ammals 
were killed in equal numbers in each of the four 
groups and the tissues examined for the presence, 
viability, and pathogcnicitj of tubercle bacilli by 
(a) direct smears and Zichl-Ncclsen stain, (b) in- 
oculation of lung suspensions on glycerine egg 
slants, (c) inoculation of lung suspensions subcu- 
taneously in guinea pigs Analjsis of the data 
show’od all the controls and all the animals of the 
promin group harboring viable pathogenic bacilli, 
while 8% of the streptomycin group and 42% of 
the combined treatment group were free from 
bacilli These results conBrm and extend the pre- 
viously reported synergistic action of strepto- 
mycin and promin in the chemotherapy of experi- 
mental tuberculosis infection in guinea pigs 
(Smith and McClosky Pub Health Rep 60 1129, 
1945 ) 

Further observations on the action of sulfones In 
experimental tuberculosis Chemical constitution 
and chemotherapeutic action M I Smith, E L 
Jackson (by invitation) and Wm T McClosky 
Division of Physiology, National Inst of Health, 
Bethesda, Md Four new sulfones were tested for 
chemotherapeutic activity in comparison with 

promin (sodium-p,p'-diainino-diphenylsulfone N, 

N' didextrose sulfonate) in experimental tuber- 
culosis in gmnea pigs The compounds were 

1 4-4'-diamino-2-sulfamyldiphenylsulfone 

2 Phenyl-n-propyl sulfone 

3 4-amino 4'hydroxylaminodiphenylsulfone 

4 N - (p - aminobenzenesulfonylphenyl) - B - 

alanine 

Compounds 1 and 4 were completely inacti'ro 
Compounds 2 and 3 showed some retardation of the 
tuberculous process, but the effect was much less 
and their toxicity considerably greater than that 
of promin The results of this study appear o 
indicate (1) that oarboxyalkyl or hydroxyl substi 
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observable neurological deficit or oilier untoward 
effect The protective dose (P) was that just re- 
quired to abolish tonic extensor components of 
maximal electroshock scirurcs produced bj cur- 
rent intensities five times threshold (Offner 
60-cyclc alternating current apparatus, Spiegel 
corneal electrodes, 150 niA , 0 2 sec stimulation) 
Cellular hydration lowered electroshock scirure 
threshold by more than 50% and was produced 
by acute extracellular electrolyte depletion (isos- 
molar glucose, i p ) Hydantoinalcs ineffective in 
elevating normal electroshock seizure threshold 
frequently elevated toward normal the experi- 
mentally lowered thresholds The results obtained 
are shown in the accompanying table Details of 
the two assay technics employed here are being 
published in full Correlation of laboratorj data 
with clinical efficacy remains to be determined 

Depression of metabolism and temperature In 
traumatic shock as evidence of a toxic factor 
Herbert Tabor (by invitation) and Sanford M 
Rosenthal Division of Physiology, National 
Inst of Health, Bclhesda, Md Previous studios 
have demonstrated the importance of fluid loss, 
sodium loss, and potassium toxicity in the mor- 
tality fromshock The majority of mice wnll survive 
a lethal degree of trauma if 10 to 15 per cent body 
weight of isotonic sodium solution is adminis- 
tered However if shocked mice are placed in indi- 
vidual wire cates at a temperature of 18 to 22°C 
a rapid fall in oxygen consumption and body tem- 
perature occurs, with death of the animals within 
48 hours The fall in temperature appears to be 
secondary to the fall in metabolism 

This phenomenon is largely independent of the 
fluid and electrolyte disturbance and occurs in 
spite of adequate saline or plasma therapy Evi- 
dence of toxic factor (s) from the injured tissues is 
found in that it can be corrected by ligating the 
traumatized legs after varying intervals of time 

Previous conclusions on the optimum environ- 
mental temperature in shock have been based 
upon survival time of untreated animals How- 
ever, in the range of 18 to Sl'C an entirely differ- 
ent response may be obtained in treated animals 
In tourniquet-shocked mice, adequately treated, 
the optimum temperature for survival lies be- 
tween 26 and 29°C , above this range the toxic ef- 
fects of heat appear 

The phjrsiological disposition of a senes of 9- 
amino acridines John V Taggart (introduced 
by James A Shannon) Research Service, Third 
Medical Division, Goldwater Memorial Hospital 
and the Dept of Medicine, New York Univ College 
of Medicine, New York (Read by title ) The ef- 
fectiveness of quinacrine when used as an anti- 
malarial is dependent in large measure upon its 
disposition in the body This follows from the high 
correlation between plasma quinacrine concentra- 


tion and supprr*i'u\c antiinalanal effect and the 
extensile loraliralion of quinacrine in various 
tissues and in jisrasitized cr> throe} tes 

The present stud} is concerned with the rcla 
tionship lictwcen molecular structure and the 
plivsiological disposition of a senes of 9 ammo 
acridines closcl} related to quinacrine, but which 
show a fairl} wide range of antimalarial actnitj 
in av inn and human infections The senes includes 
comjiounds with dicth}laminoaU ylnmino and di- 
clh}lamino 1 meth}lalk}lnmino side chains of 
var}ing length in the 9 position of 3 chloro 7 
inethox} acridine and variations in the nuclear 
substituents of quinacrine 

Variations in the length and character of the 
Bide chain produce marked differences in plasma 
drug concentrations achieved, in the extent of 
plasma binding and tissue localization, and in the 
rate of metabolic degradation Plasma binding and 
tissue localization, in relation to the plasma water 
drug concentration, arc greatest when but}l 
separates the nitrogens of the side chain and are 
further enhanced b} branching of thealk}! group 
The chloro nuclear substituent exerts its greatest 
effect in promoting tissue localization, whereas 
the methox} 1 appears onl} to increase the rate of 
degradation 

Variations in antimalanal activit} within this 
senes are not related independcnll} to plasma con- 
centration, plasma binding, tissue localization or 
metabolic degradation, but parallel the cumula- 
tive effects of all of these processes inv olved indis- 
position [Based upon work done under a contract 
recommended by (he Committee on Medical Research 
between the Office of Scientific Research and De- 


velopment and iVcw York Univ ] 

Cinchona Alkaloids 3 Phjsiological disposition 
in man John V Taggart (by invutation) , Robert 
IV Berliner (b} invitation), Charles G 
ZtJBROD (by invitation), William J Welch (by 
invitation), Davud P Earle, Jr (by mvutation) 
and James A Shannon Research Service, Thir 
Medical Division, Goldwater Memorial Hospito , 
and the Dept of Medicine, New York Univ College 
of Medicine, New York A wude range of plasma 
drug levels is achieved in different individuals re- 
ceiving the same oral dose of any one of the four 
alkaloids On a daily oral dose of 300 mg of quinine, 
the individual mean plasma drug levels in 30 su 


jects ranged from 2 to 8 9 mg per liter 
Regimens of quinine administering total dai y 
dose of 0 2, 0 5 or 1 5 grams result in group mean 
plasma concentrations of 3, 5 or 10 mg P^r 
Cinchonine, quinidine and cinchonidme resu i 
plasma concentrations approximating 5%, ® 

and 40% respectively of the corresponding quinin 
levels ,, 

Absorption of all four alkaloids is essentia^^^ 
complete Peak plasma concentrations 
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ncluc\cd 1 to 3 hours after an oral dose and arc 
onU sliRUtU lower than le\el8 obtained at this 
time after intra% cnous administration The plas* 
ma drug le%cl falls rnpidl> after termination of 
therapN , onlj negligible quantities persist boj ond 
24 hours 

The \olumo of distribution of quinine 1 hour 
after intra\enous administration is approMniately 
equal to bodj weight, limited localization oc- 
curring in li\cr and other tissues Less than 10% 
of the administered dose is cvcrctcd in the urine 
Therefore, metabolic degradation must play a 
dominant r61e among the phj Biological processes 
controlling plasma drug concentration The much 
lower plasma le\ els obtained with cinchonine are 
probabh duo to a high rate of degradation rather 
than extensive tissue localization [Based upon 
work done under a contract recommended by the 
Committee on Medical Research, bcticccn the Office 
of Scientific Research and Dciclopmcnt and Ncio 
York Univ [ 

Pamaquin 2 Supprcsslrc nnlimalartal octirlty 
in vivax and falciparum malaria John V Taoq aut 
(bj invatation), Rodert W Beruker (bj invita- 
tion), Charees G Zourod (b> invitation), 
WiEUAM J Weech (b> invatation), David P 
Earee, Jr (b> invatation) and James A 
Sharnos Research Service, Third Medical Divi- 
sion, Goldiiatcr Memorial Hospital, and the Dept 
of Medicine, Ncio York Univ College of Medicine, 
Hew York (Read bj title ) A precise definition 
of the suppressive antiraalanal activatj of paraa- 
quin was undertaken in blood induced infections 
at the same time ns its prophylactic and curative 
activaties were examined 

Fourteen patients with blood-induced McCoy 
vivax malaria received pamaquin in the standard 
test for suppressive activity The daily dose varied 
from 4 to 90 mg of base Mean plasma drug con- 
centrations ranged from 3 to 570 micrograms per 
liter The correlation between oral dosage and 
effect was poor Twenty mg of pamaquin pro- 
duced a maximal effect, and this only a temporary 
disappearance of parasitemia and fever 

Similar results were obtained in falciparum 
malaria Eight patients with blood-induced 
McClendon falciparum malaria received pamaquin 
in the standard test for suppressive activity with 
this infection The daily dose was either 30 or 60 
mg of the base Mean plasma concentrations 
ranged from 36 to 545 imcrograms per liter Class, 
II or partial effects were obtained in all trials 

These observations confirm the conclusion of 
previous investigators that pamaqmn admims- 
tered to patients with vnvax or falciparum malaria 
has some activity against the erythrocytic forma 
of the parasites The activity is not great however, 
since at maximal tolerated dosage for 4 days in 
vnvax malaria eradication of the erythrocytic 


forms of the parasite is not achieved [Based upon 
work done under a contract recommended by the 
Committee on Medical Research, between the Office 
of Scientific Research and Development and New 
York Univ ) 

The effect of nncsthctlcs and cerebral vasodilat- 
ing procedures on the penetration of sulfathlazolo 
Into the ccrebro-spinal fluid R S Teaouf and 
MervinPfrduf (by invitation) Dept of Physi- 
ology and Pharmacology, Medical College of Ala 
bama, Birmingham A study has been made of the 
effect of cerebral vasodilators and vasodilating 
procedures on the degree of penetration of sulfa- 
tliiaiolo into the ccrebro spinal fluid Anesthetized 
dogs were given 10 cc /kg of a 2 4% sulfathiazolc 
sodium sesquihydratc solution intraduodenally 
after ligation of the pylorus Free sulfathiazolc 
levels in the blood and cisternal fluid wore deter- 
mined at hourly intervals thereafter for five hours 
The degree of ccrebro spinal fluid penetration of 
sulfathiazolc was indicated by the C/B ratios 
w hich w ere obtained by dividing the average of the 
3rd , 4th , and fith hour ccrebro spinal fluid sulfa- 
thiazolc levels by the average of the first four hour 
blood sulfathiazolc levels 

Using animals anesthetized with dial as con- 
trols, It was found that the mean C/B ratio under 
ether anesthesia w as 42 6% higher The mean C/B 
ratio was not significantly changed under chloro- 
form anesthesia (—11 8%), nor by the admims- 
tration of COs to animals under dial anesthesia 
(+111%), nor by anoxia (+18 3%), nor after 
alcohol intravenously (+7 8%) However a sig- 
nificant increase in the C/B ratio was found under 
dial after rcbrcathing experiments (+28 8%), 
after alcohol injected into the common carotids 
(30 7%), and after saline similarly injected 
(24 8%) It 18 concluded that cerebral vasodila- 
tation may be accompanied by increased penetra- 
tion of Bulfathiazole into the cerebro spinal fluid 
{Aided by a grant from the Univ Research Com- 
mittee ) 

Effects of a bone marrow-spleen immune serum 
on cytologjr of the spleen potentialities as a bio- 
assay method ThurloB Thomas (by invitation), 
P L Ewino and G A Emerson The Univ of 
Texas Medical Branch, Galveston Bogomolets’ 
serum (ACS, antireticular cytotoxic serum) was 
found to have irregular effects on the leucocyte 
count and differential picture of blood of indi- 
vidual laboratory ammals Serologic tests such as 
complement-fixation and precipitin reactions also 
are unsatisfactory to quantify the purported ac- 
tive principle of ACS Effects of ACS in tissue 
culture, as noted by Pomerat et al (Texas Repts 
Biol Med , 3, 122, 404, 1945), do not fulfil the 
criteria of good bioassay practice, inasmuch as a 
“blocking” effect is apparent only in high concen- 
trations at which many normal constituents of 
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serum may modify the results, and the stimulant 
effects with 0 25% are not convincing Wliitc mice 
were injected intraperitoncally nith graded doses 
of an ACS prepared by repeated injection of mouse 
spleen and bone marrow in rabbits, this scrum had 
a complement-fixation titer of 1 12S0 Spleen, 
Peyer’s patches, mesenteric lymph nodes, th} mus 
and other tissues nerc removed at intervals after 
treatment, sectioned and stained with hema- 
to\ylm-eosin In contrast to the irregular blood 
responses in these mice, a dramatic, regular change 
m distribution of small lymphocjtcs nas noted in 
the spleen with migration from the periphery of 
the Malpighian corpuscles into the cords of 
Billroth 

Studies on the fate of tri-p-anlsjl chloroethjlcne 
and hexestrol Charles R Thompson (bj in\ ita- 
tion) and Harold W Werner Pharmacology 
Dept , Research Labys , The Wm S Mcrrcll Co , 
Cincinnati, 0 Tn-p-anisyl chlorocthjlonc has, 
compared to hexestrol, a low milligram potency 
and a long duration of action following subcutane- 
ous and oral administration (Fed Proc 4 137, 
1945) 

These differences are partially explained by 
studies on storage m body fat Bioassays of fat 
from castrate female rats, administered three 6 0 
mg doses of hexestrol orally, revealed no estro- 
genic material Abdominal fat from rats adminis- 
tered a sirmlar amount of tri-p-anisyl chloro- 
ethylene contained approximately 10 mg per cent 
ldaylaterand2mg per cent 10 days later Storage 
of estrogenic material was not increased by sub- 
cutaneous administration of tri-p-anisyl chloro- 
ethylene over a three-month period 

Fecal elimination, following three 5 0 mg doses 
orally, paralleled fat storage generally Little or no 
estrogenic material was found in feces following 
hexestrol Activity, greater than 100 per cent of 
the admimstered material the first day and about 
2 5 per cent the fifth and tenth days, was found 
following tri-p-amsyl chloroethylene administra- 
tion The high total recovery and spectrographic 
analyses indicate the fecal estrogenic material 
was not entirely tri-p-anisyl chloroethylene 

Some recovered estrogen, following oral ad- 
mimstration of tri-p-anisyl chloroethylene, may 
have been unabsorbed material However, fecal 
elimination was demonstrated by recovering estro- 
genic material several days after oral administra- 
tion and following intraperitoneal administration 

Urinary elimination of estrogenic material fol- 
lowing oral admimstration of both estrogens was 
very low 

Observations on the central excitatory effects of 
metrazol James E P Toman, Loots S Goodman 
and Ewart A Swintardi (by invitation) Depts 


'Winthrop Besearch PcUow in Pharmacology 


oj Phyiwlof/i/ and Phnrmarologu, hnii of Utah 
School of Medicine, Sail La/ e City (Rc ad lij title ) 
In tlic \imia! cortex of iinnneslhctircd rabbits, 
mclrarol produces an cpisorlic slou-uavc LEG 
djsrln tliinia uben 50 to 75% of the comulsivc 
is injected With smaller doses (he d}srh>thmia 
mai bo ciokcfl bj single cortical shocks Larger 
doses produce a spike and dome dvsrhjtiimia in 
the motor cortex These dj srhj tiimms arc inhibit- 
ablc b} nuditorv or painful stimulation From 
(heir rate of disappearance it is calculated that 
metrarol is inactivated exponcntiallj with an 
average half-lifoof 31 minutes The subconvulsivc 
djsrhjthmias and overt scinircs due to metrazol 
are more cffectivoK antagonized by tndionc than 
by llic common barbiturates 
Metrazol increases the voltage, frequenej , num- 
ber of uav cs, and rate of recoverv of corticalsen- 
sonmotor discharges evoked b> sciatic stimulation 
in cats under deep barbiturate anesthesia It in- 
creases the voltage of the surface negative com- 
ponent of “spindle” discharges in the EEG of 
cats and rabbits under light barbiturate sedation, 
but docs not abolish all EEG and neurological 
signs of barbiturate depression, whereas it quan- 
titatively antagonizes similar effects of tridione 
Although less active on cord than on higher re- 
flexes in cats, metrazol can complctelj restore 
multincuronal reflexes depressed bj tridione It 
IS less effective than coraminc in antagonizing 
similar cord effects of benzimidazole 
In contrast to strjchmnc, metrazol reduces the 
normal electroshock threshold of rats and sjner- 
gizcs with cellular hjdration to produce spontane- 
ous seizures It docs not modify the pattern or 
duration of maximal electroshock seizures [Aided 
by a grant from the Research Fund, Univ of Utah 
School of Medicine, Salt Lake City, Utah ] 
Studies on mj asthenia gravis Apparent “curare- 
like” effect of compounds that decrease acetyl- 
choline synthesis Clara Torda and Harold G 
Wolff New York Hospital and the Depts of 
Medicine {Neurology) and Psychiatry, Cornell 
Univ Medical College, New York, N Y Accord- 
ing to a recently presented concept (C Torda and 
H G Wolff, Science, 98 224,1943,100 200,1944, 

J Chn Invest , 23 649, 1944) the symptomatology 
of myasthenia gravis is mainly due to the decrease 
of acetylcholine synthesis In experiments here 
presented it was ascertained that the defect m 
muscle function in myasthema gravis previously 
explained (Nevins, S , Brain, 57 239, 1934, J 
Neurol and Psychiatry, 1 120, 1938, etc ) as being 
due to the presence of a curare-like agent may o 
the result of a decrease in the acetylcholine aval - 
able at the neuro-muscular junction 
“Curare-like effect” in this instance is use o 
imply that stimulation of the motor nerve a ter 
exposure to the given agent is not followed by an 
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idcqiinfc iinisclc conlrnrlion Tlio jscinlio ncno 
of the frog ^\as -itiniulatcd and the contraction of 
the gastrocnemius muscle registered The com- 
pounds used Mere injected into the \cntnclo of 
the frog Compounds Mere selected that decreased 
acetalchohne stnthcsis but did not decrease the 
aceta Icholine sensitiaitj of the muscle These 
compounds Mere found to diminish the amount of 
contraction that Mas induced bj stimulation of 
the sciatic ncr\c Curare, in Iom concentrations, 
also diminished the amount of contraction in- 
duced bj stimulation of the sciatic nerao Hom- 
c\ or, it did not reduce the amount of neetj Ichohnc 
sjnthcsircd and, furthermore, it decreased the 
acetj Icholine sonsitiMtj of the muscle 
Itmaj bo suggested that apparent "curare like” 
cfTcct on muscle maj be induced bj agents that 
reduce acetj Ichohnc sjnthcsis but do not modifj' 
the sonsitiMtj of effector colls 
Chemotherapeutic studies in cspcrimental leish- 
maniasis H B a AN Dike and Alfhed Gelliiojim 
(bj invitation) Dcpl of Pharmacology, College 
of Physiciarts and Surgeons, Columbia Univ , New 
York (Read bj title ) The anti-lcishmnnial ac- 
tivita of 1S2 compounds Mas compared Mith that 
of a standard drug, Stilbanoso, in a routine, 6 dajr 
therapeutic course using hamsters infected mth 
Lcishmama donoiant 137 of the drugs tested Mere 
organic compounds and 45 Mcto organo metallic 
About 10 per cent of the LDtouas injected intra- 
pentoneallj dailj for 6 days 

Under the testing conditions none of the 137 
organic compounds Mas active There was great 
structural heterogoncitj in the group, hoMcver, 
since all M’ere inactive there is no reason to con- 
sider structural details here 

Fifteen of the organo metallic compounds con- 
tained one of the following metals arEemc,bismuth, 
copper, good, lead or mercury In no instance was 
there any chemotherapeutic effect 

The remaimng 30 organo-metallic compounds 
contained either tervalent or quinquevalent anti- 
mony When tested by the method described, none of 
the 16 tervalent antimony compounds was active 
fhe prompt therapeutic effectiveness of quin- 
quevalent antimomals, such as Neostibosan, is 
apparently correlated with the potential forma- 
tion of stibamlic acid from the parent compound 
Activity was lost if the free amine group was 
acetylated or diazotized and coupled In Stibanose 
Sb+++++ ,8 linked through oxygen to glucomc acid 
or to diethylamino ethanol The activity of related 
compounds was lost if one linkage rvas directly to 
carbon or if two were through sulfur [TFork done 
under contract with the Office of Scientific Research 
and Development ] 

A comparison of the effect of 7% carbon dioxide 
with 93% oxygen, and pure oxygen, on goats and 
dogs, acutely asphyxiated with carbon monoxide 


K K ViMNO, Jn , J L fVHiTTrNDFnoEn, A C 
Woi I ACK (introduced by P R Dumko) Clinical 
Research Section, Medical Division, Chemical 
Warfare Scriicc, Pdgcuood Arsenal, Md A mixture 
of 7% carbon dioxide and 03% oxj gen was used for 
ten minutes ns inhalation therapy on goats and 
dogs sustaining an arterial saturation of GO to 80% 
earbon monoxide The rate of elimination of car- 
bon monoxide, the effect on blood carbon dioxide 
levels, on blood pressure and on minute volume of 
respiration, were compared with similar data on 
tuo groups of goats and dogs similarly asphjTci- 
ated, but treated Mith pure oxygen or room air 
The animals treated with 7% carbon dioxide in 
93% oxygen eliminated an average of 10% more 
carbon monoxide than those treated with pure 
oxygen The arterial blood pressure fell in all ani- 
mals and Mas between 65 and 100 nullimetcrs of 
mercury in about one third of the animals The 
pressure rose to normal in animals treated with 
the carbon dioxide oxygen mixture, rose an aver- 
age of C0% of the acute fall in animals treated with 
pure oxygen, but continued to fall or remained 
low m the air treated group 
Minute volume respiration increased an average 
of 110% when the carbon dioxidc-oxygen nuxture 
was breathed There was no increase when pure 
oxygen or room air was breathed 
During gassing, the arterial carbon dioxide con- 
tents decreased to an average 63% of the original 
values In those animals treated with the carbon- 
dioxide oxygen mixture, the level rose to an aver- 
age of about 78% of the original values, but re- 
mained low or continued to fall in those ammals 
treated wuth pure oxygen, or room air 
There was no evidence of respiratory or circula- 
tory depression during the period of inhalation of 
7% carbon dioxide in 93% oxygen, or following 
its use 

The interaction between neostigmine and epi- 
nephrine and the dimethylpiperidines A Eabi, 
Vi VINO (by invitation) and Theodore Koppanti 
Georgetown Univ , School of Medicine Intravenous 
injections of 2,3 and 2,4 dimethylpiperidine hy- 
drochloride produce a fall of blood pressure which 
becomes less intense upon each subsequent ad- 
mimstration (tachyphylaxis) It usually reqmres 
from 25-40 mg per kg of dimethylpiperidine 
hydrochloride given in divided doses within a 
period of from 15-30 minutes to bnng about auto- 
nomic gangliomc depression characterized by 
annulment of the electrical excitability of the 
vagus, of the pressor effect of mcotine and of the 
ocular effects of stimulation of thepregangliomc 
but not the postgangliomc portion of the cervical 
sympathetic With the onset of the maximum 
ganglionic effects, doses of neostigmine (0 075 mg 
per kg by vein) antagomzed the gangliomc de- 
pression as shown by the almost immediate return 
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of appreciable cardiac slowing upon pcriplicral 
vagus stimulation, restoration of pressor effect of 
nicotine and ocular effects produced by pregan- 
glionic cervical sympatlictic stimulation These 
effects arc comparable to the effect of the neostig- 
mine on the ganglionic depression produced by 
nicotine or amytal 

Like sparteine and propylpipcndinc, the di- 
methylpiperidines in paralytic doses also potenti- 
ate the pressor effect of epinephrine both in height 
and duration This potentiation disappears follow- 
ing the employment of neostigmine 
While mcotine in ganglionic paralytic doses 
usually produces a state of circulatory collapse, 
followung the injection of paralytic doses of di- 
methylpiperidines the animals’ blood pressure 
may be maintained at a satisfactory level When 
such doses were given to animals in the wakeful 
state they showed no detectable signs of injury, 
distress or central depression 
The relation between the chemical structure of 
DDT and its toxicity with oral administration to 
mice W F Von Oettingen and N E Siiarpless 
(by invitation) Induslnal Hygiene Research 
Laby , National Inst of Health, Bclhcsda, Md 
DDT (2 , 2-bis- (p -chlorophenyl) -1 , 1 , 1 -tri chloro- 
ethane) and 22 derivatives were studied with re- 
gard to their toMcity in mice It w as found that the 
toxicity and especially the production of tremors 
depends upon the presence of three chlorine atoms 
in the ethane group and on substitution of the 
hydrogen in para position of the phenyl by halogen 
or by stable ethereal groups of relatively short 
chain length The relation between these findings 
and certain physico-chemical properties of these 
compounds is discussed and it is shown that the 
lability of one chlorine atom in the 3-chloroethane 
group is responsible for the nervous mamfesta- 
tions produced by DDT 
Effects of (3-dimethylaminoethyl benzilate HCl 
on intestinal activity K G Wakim, Clarence E 
Powell (by invitation) and K K Chen Indiana 
Univ Medical Center and Lilly Research Labys , 
Indianapolis A pharmacologic study of the prop- 
erties of the synthetic antispasraodic, |3-dimethyl- 
aminoethyl benzilate HCl, revealed that the com- 
pound possesses both neurotropic and musculo- 
tropic types of antispasmodic action (J Lab & 
Clin Med 30 700, 1945) The present presenta- 
tion deals with the effects of the same product on 
the normal postprandrial intestinal activity and 
on the heightened intestinal activity induced by 
subcutaneous administration of prostigmine, 
physostigmine, or pilocarpine, in trained dogs, 
with a previously prepared skin-covered intestinal 
loop normally continuous wnth the rest of the 
gastrointestinal tract and with circulation and 
nerve supply intact After control records were 
established, the antispasmodic drug was adminis- 


tered by various routes, nnmolv, orally, subcu- 
taneously , intramuscularly, or intravenously, and 
Its effects on intestinal activity were recorded 
ky mographically by the use of an air-tight tam- 
bour system ^ Dimcthylaminoethyl benzilate 
IICl inhibited both the normal postprandnal in- 
testinal activity and the heightened activity 
induced by prostigmine, physostigmine, or pilo- 
carpine Under tlic influence of this drug, the pen- 
staltic and rhythmical segmentation movements 
were abolished for periods roughly varying with 
the amount administered Generally , as the effects 
of tlie drug wore off, rhythmical segmentation 
movements reappeared before peristalsis 

Pamaquine naphthoate, quinacrinc hjrdro- 
chloride, and quinine bisulfatc as curative agents 
in Plasmodium calhcmcrium infections of the duck 
llAiinv A Walker (by invitation), Lesue A 
Stauber (by invitation) and Arthur P 
ARDSON Division of Pharmacology, The Sgui 
Inst for Medical Research, New Brunswick, Acw 
Jersey A standardized procedure has been used in 
the assay of the curative value of antimalana 
drugs against P cathemenum infections in Pc n 
ducks Tlie drugs arc administered in the diet or y 
stomach tube for 7 day s (one day before and 6 days 
following inoculation) and the ducks are ep 
under observ'ation for a total of 30 days On e 
30th day after inoculation a fresh 100 gram duck is 
subinoculated with blood from each original uc 
and a positive or negative subinoculation is e 
tcrmincd from blood smears made during the o 
servation period of 12-15 days Following su inoc 
ulation each original duck is challenged wn 
large dose of parasites in an attempt to cause 


einfection enthp 

The following criteria of cure are used (DV 
allure to observe any parasites after drug a 
iinistration is discontinued, (2) the fai , 
bserve parasites in the subinoculated due , ^ 

3) the ability to produce a normal infection m 
luck 30 days after the original inoculation 
lays after drug therapy Experiments on t ® ^ 

ivity of subinoculation as a criterion showe 
loses of 50 parasitized cells per kilo or 
nately 5 parasitized cells per duck pro uce 
iistent infections with varying leve ® ° pt,on 
ntemia The marked sensitivity of rein 
lecame apparent when we were unab e o 
•einfection in ducks which received inocu ^ , 

ind 50 parasitized cells per kilo 4 weeks pre 
and which showed low levels and shor ,g 

Darasitemia The results indicated tba a 
mmune to reinfection so long as .^gite 

tion IS established irrespective of o 
density or length of patent period _„rasite 

To produce a 50 per cent reduction 
count wuth the suppressive procedure in 
merium infections, 7 and 1 4 mg pur E 
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quimcrinc dilnclroclilonilc nnd pamnquino 
nnphtho-\to, r('si)ccti\ ch , wcro needed IIo\\c\er, 
npi)ro\im’itelj 135 nnd 23 mg per kg per dnj of 
these drufr; were necessarj to produee cures in 50 
per cent of the ducks The fact thit the ratios of 
the curati\o dose to the 8upprcssi\c dose for these 
drugs arc nppro\imatch the same seems highlj sig- 
nificant Onh thcrclati\cl> high therapeutic indeic 
of these drugs in the duck makes these results 
possible tTAc iror/ described in this ‘paper teas 
done under a contract, recommended hi/ the Com- 
mittee on Medical licscarch, bcticccn the Office of 
Scientific licscarch and Dciclopmcnt and the Squibb 
Inst for 1/fdical Research ] 

Toxicit) ofmctfijlamino-iso-octcnc (octin) R P 
\\ \LTo\ and C B PnEAcnnn (bi iniitation) 
Dept of Pharmacology, Medical College of South 
Carolina, Charleston Recent obsenations 
(Clinics, 4 652, 1945) that samplomatic relief 
from migraine headache can be obtained bj the 
use of mcthalanuno iso octene (octin) has at- 
tached special interest to the possibilitj of toxic 
effects from its chronic administration Swiss 
mice Mere gixcn octin rnucato in approximate 
dailj doses of 40 mgm /kgm in drinking water 
continuouslj oicr a period of ISO dn 38 and 2 gen- 
erations of their progenj rcccixcd the same medi- 
cation dunng this interval Males of a tumor- 
susceptible (CjH) strain of mice received the same 
medication over a period of 190 da>s In the total 
colonj of 175 mice no significant differences be- 
tween medicated and control groups were noted 
in appearance, n eight curves, fertility and gross 
autopsies Young roosters were given single, daily, 
intramuscular injections of octin hjdrochlondc 
in doses of 20 mg /kg for 06 to 132 days, no 
gangrenous comb changes were noted in contrast 
to similarlj maintained roosters which readily 
showed tjpical comb gangrene wnth ergotaraine 
injections Ergotamine tartrate in 0 5 mg /kg 
doses intramuscularly produced acutelj much 
more intense effects on the comb (marked blanch- 
ing, drooping and cjanosis at tips) than these 
doses of octin Three dogs received daily single 
subcutaneous injections of octin hydrochloride 
in doses of 4 mg /kg for 167 to 217 days, three 
dogs received total oral doses of octin mucate of 
3 0 to 5 7 gramsAg over periods of 50 to 200 
days Significant cumulative toxic effects of a 
gross nature were not observed Tissue specimens 
from each group of animals are being studied 
The acute toxic effects place the main limitation 
on chrome adimnistration With dogs, total daily 
doses of 60 mg /kg orally of the octin mucate 
given m 2 installments represent the approximate 
upper limit of tolerance Larger doses cause in- 
tense cocaine like cerebral excitation and weight 
loss The LDjo of intravenous octin hydrochloride 
IS approximately 30 mg /kg Doses of 40 


iiig /kg cause convulsno deaths in 1 to 2 
ininules Open chest observations show the blood 
pressure fall obtained bj excessive or repeated 
doses IS associated with cardiac dilatation 

The trcalmcnt of pulmonarj edema with suction 
nnd certain drugs R A Waud and Ruth IIoHNFn 
(bj invitation) In this work treatment was di- 
rected toward the removal and possible prevention 
of the formation of fluid in the lungs during phos- 
gene poisoning Thirty-two dogs were given an 
LDm dose of phosgene nnd observed continuously 
dnj nnd night One half of the animals were used 
ns controls Hemoglobin estimations were made at 
regular intervals When pulmonarj involvement 
had developed to a point where the animal was 
coughing up frothj fluid, and in most cases in a 
djing state, the trachea was opened, a small 
catheter inserted nnd suction applied Theophyl- 
line cthj lencdiamine, atropine nnd digoxin were 
administered when it was felt that they wore indi- 
cated The immediate results were often dramatic 
Animals w Inch w ere gasping, deeply cyanosed, nnd 
in a condition of shock, in a short time became 
pink nnd respiration and reflexes returned to 
normal The flow of fluid in some ammals was 
not continuous, but was interrupted by periods of 
rclativelj no flow The amount of fluid removed 
varied from 100 mils to 450 mils and contained a 
considerable number of blood cells Theophylline 
did not reduce the pulmonary edema Atropine 
produced marked respiratory stimulation with 
increased pulmonary ventilation, but this was not 
maintained Digoxin increased the force of the 
heart The treatment increased considerably the 
survival time but had little effect on the survival 
rate of the animals Hemoconcentration increased 
following the gassing and returned to normal as 
the ammal recovered 

One way isonipecainc-barbiturate antagonism 
E Leono Wax (introduced by George B Roth) 
Dept of Pharmacology and Experimental Thera- 
peutics, The George Washington Univ School of 
Medicine, Washington, D C Methods of prevent- 
ing convulsions and deaths produced by isompe- 
caine (demerol or l-methyl-4-phenylisompecotic 
acid ethyl ester hydrochloride) overdosage in mice 
and rabbits were investigated using as anticon- 
vulsants the sodium salts of barbital, phenobar- 
bital, amytal, pentobarbital, evipal anddiphenyl- 
hydantoin Each barbiturate, when administered 
intravenously in a single dose approximating J to 
i its respective LDm, aborted convulsions totally 
or in part and usually prevented deaths in ammals 
given a lethal subcutaneous dose of isompecaine 
(mice, 200 mg /kg , rabbits, 250 mg Ag ) The 
non-barbiturate diphenylhydantoin did not pre- 
vent isompecaine convulsions or increase the 
percentage of survival 

When the dose of each barbiturate was increased 
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to about 5 or J of its respective LDm for nntagonir- 
ing isompecaine overdosage, it was found that the 
animals died m respiratory depression, convul- 
sions did not precede death The time of survival 
was less than that of the animals which received a 
lethal dose of isompecaine only, and seemed to be 
directly dependent on the rapidity of action of 
each barbiturate Subsequently, it ivas also found 
that even when the amount of isompecaine was 
decreased to 25 mg /kg , respiratory failure re- 
sulted in animals which had previously received 
an ordinarily tolerated barbiturate dosage (J 
LDfo) Diphenylhydantoin did not act like the 
barbiturates in this respect 
It IS concluded, therefore, that isonipccainc- 
barbiturate antagonism acts only in one direction 
The barbiturates protect animals from the lethal 
convulsive effects of isompecaine subcutaneously, 
but isompecaine potentiates the depressive prop- 
erties of the barbiturates 
The effect of cjanide on the electrocardiogram of 
man Jack Wexler (by invitation), J L 
Whittenberger (by invitation) and P R 
Dumke Clinical Research Section, Medical Divi- 
sion, Chemical Warfare Service, Edgewood Arsenal, 
Md Fifteen of si\teen normal subjects who re- 
ceived 0 11 to 0 20 mg NaCN/kg body ncight 
intravenously revealed a sinus pause lasting 88 
to 4 20 seconds concomitant with onset of re- 
spiratory stimulation This pause was followed by 
slow irregular P-waves for several seconds with 
gradual acceleration of rate heyond control levels 
The heart rate generally returned to control levels 
within three minutes 

In three men executed by inhalation of HCN, 
there was an initial decrease in heart rate accom- 
pamed by sinus irregularity and followed by dis- 
appearance of P-waves These changes were an 
exaggeration and prolongation of those observed 
with intravenous injection of NaCN Nodal 
rhythm in one and idio-ventricular rhythm in the 
other two, were present during the auricular 
arrest A secondary increase in rate and reappear- 
ance of irregular, non-conducted P-waves occurred 
during the third and fourth minutes All subjects 
showed a secondary slowing with A-V dissociation 
during the fifth rmnute Heart rate again increased 
during the sixth and seventh minutes with return 
to normal sinus rhythm Thereafter the heart 
slowed progressively Normal A-V conduction in 
one man and A-V conduction with incomplete 
A-V block in another, were maintained through- 
out the execution The third man developed 
Wenckebach’s phenomenon, 2 1 block and finally 
complete heart block minutes after the last 
breath 

QRS complexes exhibited changes in voltage 
and form Two men developed bundle branch block 
patterns present only during periods of idio- 


ventricular rlijthm T-va\cs shoved an early 
transient increase in amplitidc There vns pro- 
gressive shortening to disappearance of ST seg- 
ments with T-vaves originating high on QRS 
complexes 

The effect of mcllicmoglobincmla on the respira- 
tor} Btimulation b) cjnnidclnmnn J L Wiiittev- 
niRoin (by invitation), J Wfxllr (bj invita- 
tion), S Ilivtviri FARB (by invitation) and P R 
Dumki Clinical Research Section, Medical Divi- 
sion, Chemical Warfare Service, Edgcivood Arsenal, 
Md Respirator} stimulation b} intravenous so- 
dium c}anido was studied in 21 experiments on 16 
normal subjects before and after induction of 
methemoglobinemia by p amino proprio phenone 
(PAPP) PAPP was given orally in graded doses 
producing mcthcmoglobin concentrations of 2 3- 
42 7% C}anidc was given in amounts sufficient to 
stimulate respiration, usuall} 0 15 or 0 20 mg /kg 
One hour after PAPP the stimulating dose of 
cyanide was repeated 

Besides standard methods, an instrument was 
used which recorded photographicall} velocity 
of inspired air Planimetnc measurement of the 
resulting curve permitted determination of volume 
of each breath The instrument also facilitated 
detection of small changes in breathing 

Sodium cyanide Oil mg Ag failed to stimulate 
respiration in G of 8 trials, 0 15 mg /kg stimulated 
in all but 4 of 17 trials, in the remainder 0 20 
mg /kg was effective Circulation time varied 
from 13 2-28 seconds 

Respiratory minute volume increased to an 
average rate of 19 7 liters/minute after NaCN 
0 15 mg /kg and 23 0 1/m after NaCN 0 20 mg AS 
Volume of individual breaths increased to 1 25- 
3 92 liters, and hyperpnea lasted 5-13 inspirations 
(before PAPP) 

After methemoglobin production, effects of 
cyanide W’ere markedly reduced No significant 
increase in minute volume occurred, analysis o 
individual inspirations however revealed slight 
stimulation in 6 of 21 instances Often stimulation 
was evidenced in only one or two breaths, once i 
lasted longer (9 breaths) In this range, concen- 
tration of methomoglobin appeared unrelated o 
protection against 0 15 or 0 20 mg NaCN/kg 

Reactions of chronic totally decorticated dogs 
during a cycle of morphine addiction Abraham 
WiKi/EB Research Dept , U S Public Hea 
Service Hospital, Lexington, Ky The effects o 
morphine (1-20 mg per kg )were studied on genera 
behavior, pain threshold (turning of head to op 
posite side on electrical AC stimulation of too 
pulp through double amalgam fillings), 
ture, cardiac rate and respiration in five on 
BUrvivnng totally decorticated dogs Three o os 
preparations were then subjected to regu ar a ^ 
injections or morphine (10-20 mg per kg 
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timc‘?cliih) One died on the 10th dixj of nddic 
tion ^\hilc in 2, nddiction wns continued for 2 
niontlis nftcr wliicli inorphinc was withdrawn 
abrupth Another dog w is addicted to morphine 
for 3 months and then decorticated, following 
which morphine was withdrawn Stiifflc Doses 
Morphine rcgularlj caused general sedation, loss 
of boda righting rcdcNcs, lowering of bodj tem- 
perature and cardiac rate and elcaation of pain 
threshold Respirations were aariablj and onlj 
slightlj affected Addicliori lolcrance to clcaa- 
tion of pain threshold bj morphine dc\ eloped 
rapidb (two weeks) ns did also tolerance to gen- 
eral Ecdatiac effects, effects on temperature and 
cardiac rate changed little Later, pre injection 
temperature and cardiac rate became elcaated, 
motor restlessness and nffcctne irritnbilitj (bark- 
ing and biting when handled) appeared, while pain 
threshold lea el remained unchanged Wtlhdratcal 
Following abrupt withdraw al the preparations 
exhibited marked motor restlessness, eloaation of 
temperature and cardiac rate and rhinorrhca 
One dog died accidentally In another, the signs 
of withdrawal subsided after 3 dajs, and nftcr 1 
week morphine again eleaated pain threshold and 
caused general sedation Addiction was resumed in 
the third preparation and is still maintained The 
morphine "withdrawal sjndrome” was repro 
duced by injection of eserine (0 5 mg per kg ) 
in a non addicted chrome totallj decorticated dog 
Effects of a cycle of morphine addiction on condi- 
ditioncd responses and experimental neuroses In 
dogs Abhaham Wikleh Research Dept , U S 
Public Health Service Hospital, Lexington, Ky 
(Read bj title) Conditioned leg withdrawal re- 
sponses were established in 7 dogs by pairing 
faradic shocks to one hind leg with pure tones of 
frequencies from 350 to 500 cycles per second or 
with a strong light Positive and negative re- 
sponses were then developed to the limit of the 
dogs’ ability to differentiate between such signals 
During the first few months of such training mor- 
phine (1 to 10 mg per kg ) impaired differentia- 
tion markedly or abolished the conditioned 
response altogether In some excitable dogs mor- 
phine (0 5 mg per kg ) produced mild sedation and 
improved learning and differentiation In all dogs 
the effects of morphine were temporarily abolished 
by nociceptive stimulation As training continued 
single injections of morphine exerted less effect on 
conditioned responses and in one dog after 6 
months of training morphine ceased to impair 
differentiation at all Experimental neuroses were 
produced in 2 dogs bv exhibiting negative and 
positive conditioned stimuli simultaneously One 
neurosis was characterized by schizophremc like 
inhibition and catatoma and the other by mamc- 
like excitement and hyperactivity These two 
neurotic dogs and one very stable dog which could 


not bo made neurotic were subjected to daily in- 
jections of morphine (10 mg per kg twice daily) 
for three nionllis Before tolerance appeared mor- 
phine reduced the cxcitnbilitj and improved 
pcrforniancc in the manie dog, but had little effect 
on the performance of the oilier two As tolernnco 
dot eloped all three dogs became increasingly 
restless and irritable, but tins did not impair tho 
differential responses of tho stable dog After 
abrupt withdrawal all dogs showed a mild, but 
cliaractcnstic, "abstinence syndrome” which 
subsided after 3 to 6 days After this period the 
behavior and performance of the neurotic dogs 
remained unchanged while the stable dog became 
cooperative and friendly and continued to respond 
correctly to complex conditioned stimuli 
The carcinogenic ncliilly of various fluorcnc 
dcrivnlircs Rodeht H Wilson and Flovd 
DrEns Pharmacology Division, Bureau of Agri- 
cultural and Industrial Chemistry, V S Dept of 
Agriculture 2 Acctaminoffiionnc (AAF) has been 
show n to be carcinogenic w hen it is incorporated in 
the diet and fed to albino rats for a sufficient 
length of time (Cancer Research, 1 595, 1941) 
Subcutaneous implantation of AAF powder, 
or injections of a propylene glycol solution pro- 
duced minimal changes in some animals after pro- 
longed periods These facts together with some 
evidence that rats ingesting AAF excreted an 
amine suggested that 2 aminofluorene was the 
true carcinogenic agent, de acetylation of AAF 
having taken place in the gastro intestinal tract 
When rats and mice were fed diets containing 2- 
aminofiuorene they developed carcinomas re- 
sembling those produced by AAF The feeding of 
2 chlorofluorene, as an example of a different sub- 
stituent in the 2 position, did not produce any evi- 
dence of malignancy Other compounds which 
were found to be non carcinogenic were the hy- 
drocarbon, fluorene, its 9 oxidation product 
fluorenene, and xanthene, a compound which 
superficially resembles fluorenone In view of the 
above results, and since beta naphthylamine and 
2-aminoanthracene have been reported to have 
certain carcinogenic properties, it is suggested 
that an amino group in the 2 position is important 
in determining carcinogenic activuty 
The incidence of convulsions in general paretics 
receiving quinacrine William J Welch, Petek 
Knowlton, Fredekick S Bigelow, Eli Bauman 
andRoBEKTW Berliner (introduced byJamesA 
Shannon) Research Service, Third Medical Divi- 
sion, Goldwater Memorial Hospital and the Dept of 
Medicine, New York Univ College of Medicine, 
New York (Read by title ) The hazards of quina- 
enne therapy include toxuc effects on the central 
nervous system Common experience indicates 
that such phenomena are rare in the treatment of 
uncomplicated malaria with usual oral doses of 
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qumacnne This is not the case A\hcn qinnacrino 
IS administered in therapeutic doses to patients 
with advanced central nervous sj’stcin sjjihilis 

In a series of 115 patients with advanced general 
paresis and c\tcnsivc organic deterioration who 
received qumacnne for the termination of thera- 
peutic malaria, 19 convulsive episodes occurred 
during 1336 patient-daj's on quinacnnc, or 14 2 
per 1000 patient-days, as comjiarcd with 12 epi- 
sodes in 10,480 patient-days (1 14 per 1000 patient- 
days) in the same individuals when not on 
qumacnne 

There w ere only tw o convulsions in 1040 patient- 
days (1 92 per 1000 patient-days) among 153 
similar patients who were guen quinine, as com- 
pared with 17 episodes in 13,033 paticnt-dajs 
(1 31 per 1000 patient-days) in the same indi- 
viduals when not on quinine 

In another group of 150 patients with carlj 
neurosyphilis and wnth less organic deterioration, 
there were no convulsions during the control ob- 
servation period and two during 1940 days on 
qumacnne (1 03 convulsions per 1000 patient- 
days) 

It appears in advisable to utilize qumacnne for 
the termination of therapeutic malaria in patients 
with advanced organic deterioration due to ncuro- 
syphilis [Based upon work done under a contract 
recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research 
and Development and New York Univ ] 

Cinchona Alkaloids 6 Suppressive anlimalanal 
activity of cinchonine carbostyril William J 
Welch (by invitation), John V Taggart (by 
invitation) , Robert W Berliner (by invitation) , 
Charles G Zubrod (by invitation), David P 
Earle, Jr (by invitation) and James A 
Shannon Research Service, Third Medieal Divi- 
sion, Goldwater Memorial Hospital, and the Dept 
of Medicine, New York Univ College of Medicine, 
New York The suppressive antimalarial activity 
of the carbostyril of cinchonine (first metabolic 
product) was assayed in the standard blood in- 
duced (McCoy) vivax malaria, using 5 subjects, 
according to the procedure outlined m a preceding 
abstract A Class III effect, or “cure,” was ob- 
tained in one test at a mean plasma drug level of 
3 4 mg per liter. Class II or partial effects in two 
tests at 2 4 and 1 3 mg per liter and Class I or no 
effect in two tests at 1 1 and 0 7 mg per liter A 
daily oral dose of 3 grams was required to achieve 
the Class III effect Daily oral doses and mean 
plasma drug levels of 1 gram and not more than 
0 1 mg per liter, respectively, are required to 
achieve Class III effects with the parent drug 
cinchonine The inherent suppressive activity of 
the first metabolic product of cmchomne is, there- 
fore, much less than that of cinchonine itself 
Since, dose for dose, the same plasma cmchomne 


carliostjnl level is achieved whether cmchomne or 
its carbostyril is administered, it appears that the 
carbostyril contributes little to the antimalarial 
effect which is produced when cinchonine is ad- 
ministered I iirther. Class III effects, or “cures,” 
arc achieved at evtremely low plasma cinchonine 
levels, ns compared with those of the other 3 
cinchona alkaloids These findings raise the ques- 
tion of whether cinchonine itself is, m fact, the 
active agent, or, perhaps, wlicthcr the antimalarial 
action of cinchonine is related to its potentiality 
to undergo ovulation to a carbostyril [Based upon 
tcorl done under a contract recommended by the Com- 
mittee on Medical Research, between the Office of 
Scientific Research and Development and New York 
Univ ) 

Pantoylfauramidcs ns nntibacfcnnl chemothera- 
peutic agents II J Whiti , M E Lee, E R 
JvcKSON, A T IIiviFS and C Alverson (intro- 
duced by J T Litchfield, Jr ) Chemotherapy 
Division, Stamford Research Labys , American 
Cyanamid Company Several new analogues of 
pantothenic acid have been compared quantita- 
tively with reference to their antibacterial activity 
in vitro, activity in infections in mice, mechanism 
of action and their absorption, cvcrction and acute 
toxicity m mice and rats Included m this study 
were pantoy Itauramido-benzene, naphthalene, 
pyridine, pyrimidine and quinoline derivatives 
The following conclusions appear to be justified 

In vitro, many of the compounds are highly 
active against strains of Streptococcus hcmolyticus, 
Groups A and B, and Streptococcus vindans Anti- 
streptococcal indexes of 25 to 50 were obtained for 
eleven analogues, all of which were equally active 
against sulfadiazine-susceptible and sulfadiazme- 
resistant strains Against strains of several other 
pathogenic species, most of the analogues are 
practically inactive 

In contrast to pantoyltaurme, many of t ese 
analogous are highly active m a hemolytic strep o 
coccus infection m mice Median Survival Doses 
for eleven analogues ranged from 4 to 12 nn 
grams per 20 gram mouse, admimstered as a smg 
oral dose The antibacterial activity of ° 
the analogoues is reversed by added pantothena e, 
both m VIVO and m vitro 

When adimnistered orally, the therapeutic a^^ 
tivity of certain analogues, as well as the ina 
tivnty of others, correlates with their absoi^ 
as indicated by peak and duration of bloo c^o^^ 
centration-time curves The compounds appea 
be relatively non-toxic to mice and rats 

In contrast to other highly active ana 
only limited amounts of d-(+ 
aimdo-4-chlorobenzene and d-(+) 

tauramido-3,5-dibromobenzene can be rever 

pantothenate 
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Anildolnl nction of mclrnrol oRninst pcnlothnl bo- 
dium orcrdosc R ^\ WmTLiiiAn,L W Roth (by 
inxilTtion), ond Y R Draitu Dept of Physt- 
oloay and Pharmacology, Umv of Colorado, Den- 
ier In the present senes of cNperimcnts nn nt- 
tempt hns been mide to determine the nnaleptic 
effect of mefrnzol ngiinst pentothnl sodium o\cr 
dose Controls were established in 20 dogs bj de- 
termining mdniduallj for each dog the (M)mimal 
(D)oso of pentothal sodium required to produce 
(R)cspiratorj (A)rrcstorM D R A inatleasttwo 
of three administrations In a second scries 10 
mg /kg of mctrazol uas gnen intra\cnouslj one 
minute before completion of the injection of 
pentothal sodium Resuscitation was conducted 
b\ manual artificial respiration and oxjgcn Re- 
sults (1) The M D R V of pentothal sodium 
ranged from 2G 15 to 52 5G mg /kg (median •= 
34 3S) (2) The incidence of rcspiratorj arrest fol- 
lowing 71 control administrations of the M D R A 
wns 57 or SO 3% Following G3 administrations of 
the M D R A plus mctrazol the incidence of re 
spiratorj arrest was onlj 30 or 47 G% (3) There 
were 3 or 2 2% failures to resuscitate from 137 con- 
trol rcspiratorj arrests but when mctrazol was 
administered there w ore 2 or 6 7% failures to resus- 
citate from 30 rcspiratorj arrests Mctrazol, there- 
fore, antidotcd the rcspiratorj depressant action 
of an o\crdoso of pentothal sodium with moderate 
success but did not diminish the probability of 
death (4) Mctrazol had no significant effect upon 
the length of time the animals slept after pentothal 
sodium or upon the length of time required to 
resuscitate from respiratory arrest 
Accumulation of DDT in the fat of rats in relation 
to dietary level and length of feeding Geoffrey 
Woodard and Ruth R Ofner (introduced by 
Bert J Vos, Jr ) Division of Pharmacology, Food 
and Drug Administration, Federal Security Agency, 
Washington, D C Following the observation that 
orally administered DDT tends to accumulate in 
the adipose tissues of dogs (Woodard, Ofner and 
Montgomery, Science 102 177-178, Aug 17,1945), 
an investigation of a similar phenomenon in rats 
was made to determine in what way accumulation 
IB dependent upon rate and length of DDT feeding 
Adult white rats were fed 50, 100, 200 and 400 
p p m of DDT in their ration for periods from 18 
to 90 days These animals were sacrificed and the 
amount of DDT in the fat w as determined by the 
Schechter-Haller colorimetric method Accumula- 
tion was found to increase with dietary level and 
with length of admimstration up to 54 days Be- 
yond this tune the concentration m the fat tended 
to remain the same on all levels but the highest 
Females were found to have higher fat concentra- 
tions of DDT than males fed under the same condi- 
tions In an additional experiment female rats fed 
diets containing 12 5 and 25 p p m DDT providing 


nverago dailj intakes of 0 85 and 1 05 mg /kg for 
61 dnjs showed appreciable storage in the fat (160 
and 300 ppm) (A portion of the funds used in this 
imcstigation tins supplied by a transfer, recom- 
mended by the Committee on Medical Research, bc- 
Iteccn the Office of Scientific Research and Develop- 
ment and the Division of Pharmacology of the Food 
and Drug Administration ) 

Elcctro-ulcrographj and the physiology of (he hu- 
man uterus ns related to djsmenorrhca and metor- 
rhngin R A Woonnuni, Gforgf P Child (by 
invitation), Richard Toni in (by invitation), 
Waltfii G Watson (by invitation) and Louise 
jAnnoL (bj invitation) Depts of Pharmacology 
and Obstetrics and Gynecology, Univ of Georgia 
School of Medicine, Augusta Patients were avail- 
able at various times of the menstrual cycle 
Uterine and cervical pressures were recorded 
slmullancouslj with an optical sjstcm from bal- 
loons inserted in the uterus and cervical canal On 
the same paper nn electrocardiograph was adapted 
to record simultaneously the action currents 
picked up through silver chloride coated silver 
electrodes Records taken from the same patient 
before and after hjstcrcctomj showed that extra- 
utcrino visceral action currents seriously inter- 
fered wnth interpretation of anj records taken with 
electrodes outside the reproductive tract 
Impulses appear to originate normally in the 
upper portion of the fundus of the uterus and m 
the cervix However, in dysmenorrhea patients 
multiple origin of impulses frcquentlj occurs and 
contractions are superimposed upon each other 
They may remain as orgamred contractions and 
develop high pressures or become disorgamzed and 
develop various forms of utenne tetany 
In control patients, between contractions the 
uterine and cervical pressures in mm Hg were 30 
and 20, and during contractions the pressures 
reached 100 and 40 In uterine dysmenorrhea pa- 
tients the tone was elevated sometimes so high 
that pressures of 100 in the uterus and 90 in the 
cervix were present between contractions, and 
pressures as high as 300 and 120 were recorded dur- 
ing contractions In labor the highest recorded 
pressure developed by the human uterus is 100 mm 
Hg Uterine pulsations of arterial origin disappear 
at pressures above the artenal blood pressure, 
which proves that blood flow to the uterus is inter- 
rupted at these high pressures 
Typical dysmenorrhea symptoms and tracings 
could not be elicited in any patient by intravenous 
administration of acetylcholine, histamine or 
pitocm, but could always be elicited by pitressin 
and/or by distention of the uterus These data 
suggest possible methods for scanning compounds 
for possible uterine antispasmodic activity (see 
these abstracts, Huggins et al ) [Financial grants 
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Eh Lilly and Company and from Frcdcncl Stearns 
and Company supported these studies ) 

Cholinergic action of the anti-sjmpnthetic agent 
pnscol (benzjlimidazoline HCl) FnLDnicic F 
Yonkman, HAnni W IIais (by invitation), Annc 
Cameron (by invitation), Elizabeth PhLEmr 
(by invitation), Nicohne Hansen (by invita- 
tion) Dept of Pharmacology, Research Division, 
Ciba Pharmaceutical Products, Inc , Summit, N J 
(Read by title ) The ilcum (Thiry-Vclla Loop) of 
dogs was markedly stimulated bj' Pnscol lijdro- 
chloride, 0 5 to 2 mgm per kg , administered intra- 
venously This stimulation was complctclj pre- 
vented or corrected by atropine sulphate, 0 1 to 
0 2 mg per kg vhether administered intra- 
venously, intrapentoneally or intramuscularly 
Trasentine hydrochloride, 1 0 to 4 mg per kg , 
administered by the same routes ns atropine, also 
antagonized the stimulating action of pnscol 
Since trasentine and atropine possess anti-cholin- 
ergic properties it is reasonable to conclude that 
pnscol behaved cholmergically in these experi- 
ments, especially since they defeated pnscol’s 
stimulation of intestinal motility 
If this cholinergic action ncre to prevail gener- 
ally, favorable clinical results, as reported follow- 
ing the treatment of Raynaud’s Disease with pris- 
col, could probably be due as much to cholinergic 
fasocilation as to the anti-sympathetic action of 
the drug Contemplated experiments should con- 
firm or negate the concept that this drug maj' exert 
significant cholinergic actions while simultane- 
ously blocking sympathetic functions 
Adrenergic potentiation by pynbenzamine HCl 
(N' - pyridyl - N' - benzyl - N' - diraethylethjlenedi- 
amine HCl) Fredrick F Yonkman, Dorotht 
Chess (by invitation), Harry W Hays (by invi- 
tation), Barbara Rennick (by invitation) and 
Rudolf Mayer (by invitation) Dcpls of Pharma- 
cology and Bacteriology, Research Division, Ciba 
Pharmaceutical Products, Inc , Summit, N J 
Counteracts histamine-induced 
“Asthma” in guinea pigs 

Contraction of intestine and bronchi of guinea 

pig 

Contraction of bronchi m the dog 
Hypotension in the dog 
Contraction of intact dog intestine 
Salivation in the cat 
Wheal formation in the rabbit 
Counteracts anaphylactic 
Shock in the guinea pig 

Constriction of bronchi in perfused lung of 
guinea pig 

Hypotension in the dog 
Constriction of the intestine in the dog 
Other actions include those of analepsis and 
local anesthesia Another very important charac- 
teristic of pynbenzamine is its capacity for poten- 


tiating adrenergic functions The action of epi- 
nephrine has been potentiated in promoting sah- 
xation and retraction of the nictitating membrane 
in the cat, in inlubiting the dog intestine, and 
occnsionallj in elevating arterial tension more 
than normnllj in experimental animals Although 
pj ribcnraminc intravenously resulted in variable 
degrees of hypotension in normal animals, it fre- 
quently produced by pcrtension in dogs sensitized 
to horse scrum This could be interpreted ns result- 
ing from adrenergic potentiation by the anti- 
allergic agent 

If adrenergic potentiation likewise prevailed in 
the clinical patient it might be an important 
method whereby clinical relief might bo obtained, 
since opincphrino (or sympathin) frequently pro- 
duces such marked benefits in certain allergies 

This potentiality has been studied by Dr Koepf 
and his co workers in Buffalo and their results are 
reported elsewhere in this journal 

It IS concoiv able that py ribcnzaminc might elicit 
such adrenergic potentiation by interfering wath 
some cnzymie system such as aimne oxidase or 
tyrosinase This hypothesis warrants investi- 
gation 

Cinchona Alkaloids 2 Comparative suppressive 
antimalarinl activity Charles G Zubrod (by in- 
vitation), Robert W Berliner (by' invitation), 
John V Taggart (by invitation), William J 
Welch (by invitation), David P Earle, Jr (by 
invitation) and James A Shannon Research 
Service, Third Medical Division, Goldwater Memo- 
rial Hospital, and the Dept of Medicine, New York 
Univ College of Medicine, New York The sup- 
pressive antimalarial activity of the four cinchona 
alkaloids has been appraised in a standard fashion, 
using blood-induced (McCoy') vivax malaria 

Class III effects or “cures” are obtained with 
quinine at plasma drug concentrations of 5 0 mg 
per liter, cinchomdine at 2 0 mg per hter, quini 
dine at 0 9 mg per liter, and cinchonine at ess 
than 0 1 mg per liter Cmchomne exerts a stri ng 
antimalarial effect at plasma drug concentration o 
a different order from that required for the remain 


ing alkaloids 

The erythrocytic phase of the sporozoi e m 
duced McCoy strain vivax malaria has been s ow 
to have the same susceptibility to quinine as a 
of the blood-induced disease, a fact of impor 
However, the erythrocytic forms of 
strain (Chesson), originating m the Sim 
Pacific, as well as those of both Costa and c 
don strains of falciparum malaria, are 
ably more resistant to the suppressive ac lo 
quinine and the other cinchona alkaloids , jg 

When the effectiveness of the cinchona a , 

IS defined in terms of oral dosage, the an im 
activities are found to be approximately tne s 
with the exception of quinidine, which is s 
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more nctiN e Since the cffcctvv o plnsnm dniR lo\ els 
of the nlkaloids nro so different, tv study of tho 
phj sioloRicnl disposition of these ngents nng of 
interest {Hafcd upon tcork done under a contract 
recommended bv the Committee on Medteal Re 
search, behecen the Oficc of Scxcnhfic Research and 
Dctelopmcnt and A'cin Vori Untv ] 

Pnmnqufn 4 Occurrence of leucopenia CiiAnirs 
G ZonnoD (bj invitation), Pftfr Know ito\ (b> 
invitation), Wiluvm J ttFLCii (bj invitation), 
Roueut \Y BFnusFR (bj invitation), Jonv V 
Taogart (bj invitation), David P Earlf, Jr 
(bj invitation) and Jamfs V Shannon Research 
Service, Third Medical Diiiston, Goldicatcr Memo- 
rial Hospital, and the Dept of kfcdictnc, Hew York 
Univ College of Medicine, New York (Read bj 
title ) The occurrence of a marked granulocj to- 
pcnia has been a sufficiently consistent finding in 
patients receiving pamaquin at high dosage for it 
to be considered a manifestation of drug to\acit> 

. Pamaquin in dailj doses of 90 mg (base) when 
given for 14 dajs to patients with vavax malaria, 
alone or in combination vnth quinine, resulted first 
in a rise and then in a fall m poljTnorpho nuclear 
ncutrophilc (PMN) count The moan control count 


in a group of 12 patients was 6195 per cu mm Tho 
mean minimum count, usually noted at the end of 
therapy, was 1870, representing a mean fall in 
PAIN count of 8325 per cu mm The mean fall in 
PAIN in a group of 11 patients treated with 30 mg 
pamaquin daily was 1760 per cu mm as compared 
with 1270 for the control group whose malaria w'ns 
treated with quinine alone Tlic effect on the PMN 
count of tho combination of quinine and pamaquin 
was no different from that of pamaquin alone 
However, the depression of PAIN count by tho 
combination of quinacrinc with pamaquin at daily 
dose of 30 mg was ns great ns that resulting from 
daily doses of 90 mg of pamaquin alone 
The polymorphonuclear noutrophilcs are tho 
only white blood cells nlTcctcd by pamaquin ther- 
apy The remaining PAIN’s show a younger dis- 
tribution than normal, but no morphological 
changes Tho PAIN count gradually returns to nor- 
mal on stopping tho drug No increase in PAIN 
count w ns noted in the tw o instances wrhere pyri- 
dovino was tried in an attempt to reverse the proc- 
ess (Rased upon work done under a contract recom- 
mended by the Committee on Medical Research, 
between the Office of Scientific Research and Develop- 
ment and New York Untv ) 
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Effect of a bacterial polysaccharide and of 
tonrmquet shock on peripheral capillary circula- 
tion in unanesthetized mice Glenn H Algihe 
National Cancer Inst , National Inst of Health, 
United Stales Public Health Service Microscopic 
studies by in vivo methods were made of the 
effects of a bactenal polysaccharide from B 
prodigioEus and of tourmquet shock on the periph- 
eral capillary circulation in unanesthetized mice 
Photographs and daily quantitative measurements 
were made of the vascular supply in tissue in- 
cluded within a transparent chamber introduced 
into a dorsal skin flap in the mouse 
In the development of both tourmquet shook 
and the reaction to the intrapentoneal injection 
of bactenal polysacchande, there occurred a 
decrease in the capillary supply to the panmculus 
carnoaus layer of stnated muscle This quantita- 
tive decrease in capillary circulation was ac- 


compamed by stasis, rouleaux formation, and 
occlusion Capillary dilatation was not observed 
After the injection of bactenal poly sacchande, 
evidence was obtained suggesting an increase in 
capillary permeability as mamfested by edema of 
the subcutaneous tissues in the chamber On the 
other hand, release of tourmquets applied to the 
bind legs resulted in edema localized in the in- 
jured area, without evidence of increase in 
capillary permeability in the peripheral tissues 
The reactions of tourmquet shook and of injec- 
tion of bactenal polysacchande were sinular in 
that both resulted in decreased capillary circula- 
tion in the chamber area They were dissinular, 
however, in that edema was apparent after injec- 
tion of bactenal polysacchande, but not dunng 
the development of tourmquet shock These 
expenments do not support the concept of a 
systemic increase in capillary permeability in 
tourmquet shock 
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Spinal fluid protein in the rc(roBpcctl^c dinj*- 
nosis of sub-clinicnl poliomyelitis M B Amu n- 
MAN (by invitation), WimiAM I Fisiini in (by 
invitation), and Alhert E CAsri Lahys cf Ihc 
Chicago Health Dept and (he Birvunghain liapltsl 
Hospitals Spinal fluid protein detenninationsM ere 
made 10-60 dajs after the onset of fcicr in 31 
children suspected of having sub clinical polio- 
mj-ehtis Eleven of 13 children (85%) had protein 
levels above 45 mg 10-35 dajs after onset, n\emg- 
ing 58 2 The cell count was often under 5 Fifteen 
of 18 (85%) had protein levels under 45 mg 35-CO 
days after onset, averaging 33 0 The trend of the 
protein curve was similar in both clinical and sub- 
chmcal poliomyelitis The peak ivas 7-21 dajs 
after onset of fever but abnormally high levels 
■were generallj' present as late as 35 daj s 

Each child had been an intimate contact (5-21 
days prior to the onset of fever) vith a patient in 
the infectious period of poliomyelitis and no other 
infectious disease (except coryza) recognized in 
the neighborhoods at the time Daily temperatures 
were recorded and stools, nose and throat speci- 
mens were collected for ammal inoculation on 
most of the 31 children Approximately half had 
asymptomatic fevers ranging between 98 8° and 
99 8° axillary and none had a cough, only one a 
running nose, and only two a mild diarrhea 

The spinal fluid protein averaged 33 0 mg in 
38 control children during the same period Two 
were contacts convalescing from coryza Seven 
were non-contacts in the patients’ neighborhood, 
and 29 children in control neighborhoods having 
pertussis, pneumonia, bronchitis, earache, ar- 
thritis, measles, scarlatina, diarrhea, abscess, or 
coryza Only 2 levels were abnormal (46, 49 mg ) 

The spinal fluid protein level 1-5 weeks after 
onset in febrile contacts of poliomyelitis patients 
seems an important and inexpensive adjunct in 
the recogmtion of sub-climcal poliomyelitis, a 
category now contaimng most poliomyelitis pa- 
tients 

Dietary influence on phospholipid turnover 
in liver and plasma Tesse L Bollman and Eunice 
V Flock (by invatation) Division of Experi- 
mental Medicine, The Mayo Foundation, Rochester, 
Minn The rate of phospholipid formation was 
determined after the administration of as 
sodium phosphate to rats which had been receiving 
specific diets for two or more weeks previously 
Rats fed a commercial stock diet were compared 
to fasting rats and rats that were receiving iso- 
calonc values of diets contaimng a salt mixture 
2 and -vitamin supplements including 4 mg choline 
daily and I, casein 47, cnsco 13, sucrose 38, II, 
casein 6, cnsco 13, sucrose 79 , III, casein 6, cnsco 
43, sucrose 49, IV, casein 47, cnsco 43, sucrose 8, 
and the same 4 purified diets from which choline 
was omitted The relative size of the liver varied 


with the diets ns did the ronecntralion of phos- 
pholipid and its rale of turnover in the liver 
When calculated in terms of whole liver or bodj 
weight there was no significant difference in the 
rate of iihospholipid formation in the liver or its 
transfer to the plasma, except fora small reduction 
in rate of phosiiholipid formation in the rats re- 
ceiving the choline free diets II and III (protein 
dcfieicnl) The adminislration of eholine caused 
an immediate increase in phospholipid formation 
only in those rats that had been receiving the 
choline free diets II and III 
The amount and rate of turnover of jihospholipid 
in the liver is not materially changed by large 
alterations in the protein, fat or carbohydrate 
content of the diet In the absence of sufficient 
protein in the diet, phospholipid formation in the 
liver IS influenced by choline 
The influence of the essential amino acids upon 


appetite in protein-depleted adult white rats 
Paul R Cannon, RonEHT W Wissler (by 
invitation), C IIahoiu Stlefie, Jn (by invnta* 
Lion), RonruT L STnAuni (by invntation) and 
Laurence E Frazier (by invitation) Dept 
if Pathology, The Unit' of Chicago Two types of 
rations, one containing sixteen crystalline ammo 
icids in a mixture patterned after the ammo acid 
composition of casein, and the other identica 
except for the absence of one essential amino 
vcid, were fed to protein-depleted adult white 
male rats in order to determine the influence o 
individual essential amino acids upon the ability 
jf the animals to recover lost weight The rats ate 
the “complete” ration well and recovered os 
weight about as quickly as if they had been e 
casein at a corresponding nitrogen concentration 
On the other hand, when any one of the nine 
essential amino acids, viz , tryptophan, histi ne, 
phenylalanine, leucine, isoleucine, ■valine, t rW 
nine, methionine and lysine, was omitted from 
ration, the ammals continued to lose weig 
Concoimtantly there was an abrupt decline i 
food-consumption In contrast, the rea i 
to the ration of any one of these essentia . 
acids was followed just as qmckly by e “c 
food-consumption and rapid weight 
Neither type of effect was mamfested gj 

The sigmficance of these findings wall be isc 
in relationship to the problem of evaluation o 
nutritive properties of protein foodstu s a 
fluenced by their ammo acid composition 
Experimental studies on the mechanism 
formation of mtraperitoneal adhesions , 

Chandy and Jonathan E Rhoaos (m ^ 
by I S Ravdin) Harrison Dept of ^ 
Research, Schools of Medicine, Univ y ,, gjja 
vania, Philadelphia The formation o 
in Wistar rats was standardized ( / ^oilofthe 
means and (2) by trauma, crushing t e 
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cccum x\nlh n bcmosint One hundred per cent of 
the nnimils formed ndhc'Jions hy rich method 
A totnl of 650 mts utis upcd for nil cspcnmcntB 
Mochmicnl rcnioral of scro-yi nlonc did not pro- 
duce ndhcsions Mild chomicnl injury prcsumnblj 
nffccting onU the Ecro'in did not produce ndhcBions 
Large amounts of serous evudatc were often found 
in both experiments 

The speed at which the adhesions were formed 
depended on the depth of the trauma to the in- 
testinal wall 

Heparin in the peritoneal ca\ it j did not influence 
the formation of adhesions 
One hundred per cent of the animals formed 
ndhcsions after the introduction of talcum powder 
in doses ns smnll ns 5 0 mg into the peritoneal 
caxitj No obscrTOblc amount of serous exudate 
was found under these conditions 
Yhen the animals were starved seven days 
adhesions were not formed as rapidlj nor as 
nbundantlj 

The intraperiloncal injection of 20 0 ml of 
phj siological saline solution within one half hour 
following the injurj increased the rapidity with 
which the adhesions were formed 
Introduction of hjailuromdaso into the peri- 
toneal cavitv prevented the formation of adhesions 
in 60 per cent of a senes of 20 animals 
The data indicate that the blood coagulation 
mechamsm is not necessary for adhesion formation 
and that the process cannot be stopped bj heparin 
in doses that wxiuld readily prevent coagulation 
The effect of hyaluromdase was statistically 
sigmficant and suggests the possibility that hyalu- 
romc acid or some related substance may play a 
r61e in the formation of adhesions 
The existence of variations in the ease with 
which thrombin preparations may be inactivated 
by antithrombin J R Carter (by invitation) and 
H P Smith Depts of Pathology, State Untv of 
Iowa and Columbia Umv The inactivation of 
thrombin by antithrombin is influenced by a 
rather large number of variables (eg , temperature, 
pH, electrolytes, thrombin, hepann, hepann co- 
factor) Hepann probably acts as a catalyst By 
keeping time, temperature, pH, and electrolyte 
concentrations constant, it has been possible to 
demonstrate an empirical relationship between 
CO factor and thrombin destruction 

log I = K -1- N log 

where Y represents the number of thrombin umts 
destroyed in each cubic centimeter, X is the num- 
ber of umts remaimng, and P is the relative 
amount of co-factor, K and N are constants 
Additional study showed that the values of K 
and N were not constant under all conditions. 


indicating tho existence of one or more variables 
prev lously unrccognircd Thus, thrombin prepared 
m the dry state for clinical use was not ns readily 
inactivated ns preparations freshly prepared and 
promptly studied This ‘‘resistance" of certain 
preparations was more notable when small amounts 
of thrombin were employed Special treatment of 
thrombin with heat or with acids can render them 
partially ‘‘resistant’’ to antithrombin It is sug- 
gcslcd that this alteration may represent changes 
in colloidniity , or a special type of denaturation of 
the thrombin molecule It is conceivable that 
physiological variations in case of inactivation 
may occur in the thrombin produced in the living 
body Evidence indicates that thrombin formed 
tn vtio 18 far more ‘‘susceptible’’ to inactivation 
than any of tho purified preparations thus far 
studied 

Changes in the thyroid and other organs in 
mice receiving thiouracil Albert J Dalton, 
Harold P Monnts (bv inviLation), and Celia 
DunML (by invitation) iVntionaf Cancer Inst , 
Nattonal Inst of Health, Untied Stales Public 
Health Service, Bclhcsda, Md I ifty C3H female 
mice were placed on a diet composed of natural 
foodstuffs and containing 0 376% thiouracil Except 
for a few mice killed at earlier intervals, the mice 
were maintained on this diet for 26 weeks at which 
time the thiouracil content was raised to 0 5% 

Of 14 mice killed or found dead after 11 months 
or more on thiouracil, uncncapsulated pulmonary 
mctastascs of thyroid tissue were identified 
in 5 In two of these, thyroid tissue was found m 
the neck muscles outside the gland capsule 
In one other ammal of the 14, thyroid tissue was 
identified between the epithelium of the trachea 
and tho trachealis muscle All the thyroid tissue 
found in abnormal sites was present in the form 
of hyperplastic thyroid follicles consisting usually 
of a single layer of tall polyhedral cells with large 
vesicular nuclei surrounding small lumens which 
occasionally contained pale staimng acidophilic 
colloid 

Gross and microscopic changes m the thyroid, 
adrenals, ovanes, and uteri were in general similar 
to those noted and previously reported for thiourea 
(H Nat Cancer Inst 5 451, 1945) Changes not 
reported for thiourea include an increase in iron- 
contaimng pigment in the spleen and liver Iron- 
positive pigment was noted in vacuoles present 
in proximal tubule cells of the kidney and in some 
cells hmng the thyroid follicles Pigment negative 
for iron was seen in the epithelial cells of the 
bronchi and bronchioles Stones variable in number 
and size consisting of a granular, greemsh-yellow 
material were found frequently in the urinary 
bladder 

Studies on the rate and completeness with 
which intravenously injected radioactive iron 
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Is utilized Reubenia Dubacii (bj' invitation), parent fusion of Rlomorular loops lulh hjalinc 

Carl V Moore and Viroima Minmcii (by formation vas an important rarl> reaction 

invitation) In the tracer or radioactne iron Clomcrular lesions of this tjpo vcrc produced 
method for studying absorption of iron from the onl> in strain A mice Other strains of mice, C, 

gastrointestinal tract, measurement is made of the ClII, and I, and rabbits ha\e so far failed to de- 

amount of the isotope vliich ajipcars in red blood •velop this unusual response under similar c\pcn- 
cells as newly simthcsizcd hemoglobin The mental eontlitions 

assumption is made that all of the iron retained This glomerular lesion in strain A mice is con- 
by the body is utilized for hemoglobin formation sidorcd of interest bccauso (1) At this period in 

The studies here reported w'erc made to test the our inxestigation itapjicars to bo restricted to one 

validity of this assumption inbred strain in one siiccics of animal, and there- 

Radioactivc iron was given intravenously ns fore illustrates how definitclj genetic constitution 
ferrous ascorbate in doses of 10 to 2o mg of iron ma% mo(lif\ resimnse to a particular ngent (2) 
to normal subjects and to patients with aarious A glomerular lesion has been produced in which a 
types of anemia In individuals with Inpoehromic \nseular condition, without inflammatory reaction 
anemia, 100% of the injected radio iron appeared appears to be the imjiortant element in patbo- 
in the peripheral blood bj the ninth day In genesis 

normal subjects the rate of utilization was slower The cellular sources of anllbodics and other 
70% was present by the tenth day but 100% was globulins W E Liniicii, T N Harris (by 

not found until about ten weeks after injection inaitation) and E Mertins (by invitation) 

Patients with hypoplastic or refractory anemia Phtladclphta General Hospital, The Childrens 
utilized only 1 to 1 5% of the dose for hemoglobin Hospital of Philadelphia, and the Depts of Pn 
synthesis When administration was made to sub- thology and Pediatrics, The School of Medians, 
jects with pernicious anemia in relapse 27 to 33% Ume of Pcnnsijhania Though the lymphocytic 
of the injected isotope appeared within nine days theory of antibody formation has now been cstab- 
The values tended to stabilize at this lea cl until lishcd, it has not been ruled out that other in- 

liver therapy was begun As the red cells and homo- flnmmntory cells such as the macrophages or plasma 
globin then rose, the amount of radioactive iron cells nre also instrumental in antibody synthesis 
in the blood stream increased until 100% was In order to investigate this question, we first 
present In patients with various types of hemo- compared the rclatuc antibody titers in the foot 
lytic anemia 14 to 6G% of the isotope appeared pad, the popliteal hmph node, and the bloo 
in the circulating hemoglobin within G to 9 days scrum of rabbits that had been injected su 
Usually there W'as no further increase cutancously with dysentery' vaccine with or 

These results suggest that in patients with re- without paraffin oil, we then studied the relatne 
fractory anemias, hemolytic anemias, and permci- antibody titers in the peritoneal fluid and t e 
ous anemia in relapse, the amount of iron absorbed peritoneal cell extract of rabbits injected intra 
from an oral dose cannot be measured by determin- peritoneally' with various dysentery and ty'phoi 
ing the amount of radioiron w hich appears in the antigen combinations As in spite of excellen 
circulating blood antibody response, the granulocytic infiltrations 

Hyalinization of glomeruli produced in strain and mononuclear granulomata in the foot pads, as 

A mice by the administration of urethane (ethyl the supernatant fluid of the peritoneal e\u 

carbanate) Thelma B Dunn and C Donald showed only insignificant quantities of agglutinin^ 
Larsen (by invitation) National Cancer Inst, w'hile the isolated granulocytes and macrophages o 

Bethesda, Md When w'eekly doses of urethane were the exudate revealed no agglutimn at all, and 
given to strain A mice, it was observed that after lar results were obtained by intravenous * 

a period of 10 to 13 weeks, many of the ammals of antibody and subsequent intraperitoneal 

developed severe anasarca At autopsy the kid- Auction of an irritant, it was concluded that 

neys were browmsh in color, the size appeared granulocytes and macrophages do not synt as 

slightly reduced, and the surfaces were smooth agglutinin, the low antibody titer at the si ® 

Microscopically the kidney had some resemblance injection being due to fixation in the senss 
to chrome glomerulonephritis in man Most of the Menkin As to the plasma cells, we have fou 
glomeruli showed extreme hyaline degeneration no evidence thus far to show that they 
wnth frequent adhesions to Bowman’s capsule gamma globulin, it seems possible, however, 
Dilatation of the tubules, and many granular and they produce beta globulin or related 
hyahne casts were present When the kidneys The pathology of experimental fros 
were examined at earlier periods, progressive Nathan B Pbibdman and 

stages in the development of the glomerular lesion invitation) The Army Institute of ingilege, 
could be recogmzed Inflammatory reactions Washington, D C j)/e<ro- 

apparently played no part in its development, but Flower and Fifth Avenue Hospitals, an 

dilatation of the glomerular capillaries and ap- poliian Hospital Research Unit The pa 
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cbftngcs m the tissues of rnbbits subjected to 
severe cold nre reported Exposure of the eninmle* 
legs to a subfreezing temperature (—30 C ) caused 
gangrene unthm a u cck Agglulinat i\ e erj t hrocy t ic 
thrombi packed the engorged vessels, and columns 
of red cells penetrated the v’ascular vvalls and 
adventitia even in the absence of local hemorrhage 
Some vascular channels contained central or 
parietal hj-alinc masses The agglutinated red cells 
fused and hcmol> red Rarel> , necrotizing angiitis 
was encountered There were gcncmliiod edema, 
cellular infiltration and vcsiculation of the skin 
Necrosis involved the deep tissues, including 
muscle, as well as the skin and subcutaneous 
structures, and rones of cellulitis bordered the 
regions of gangrene No intrinsic neural degenera- 
tion could bo demonstrated, but damage to mjclin 
sheaths and, m lessor degree, to avis cjhnders 
was evident in diffuse^ necrotic tissue 
Exposure of the legs of heparinized animals to 
cold resulted in a fen small vcsioulating necrotiz- 
ing lesions of the skin and superficial tissues, but 
gangrene and necrosis of deep structures did not 
occur Edema and prclifcmtion of fixed tissue ele- 
ments were more evident than in sections from 
nonhepanmrod rabbits Neural degeneration was 
not noted There were scattered hemorrliagcs, 
but the V essols appeared unchanged and abnormal 
configurations of red cells wore not encountered 
The observations support the non that the 
fundamental lesions in frostbite involve the 
vessels 

Osteo-sarcoma from intravenous beryllinm 
compounds in rabbits Leroy U GaRnnER and 
H F Hesungton (bj invitation) The Saranac 
Laby for the Study of Tuberculosis, Saranac Lake, 
N Y la seeking the cause of an unusual incidence 
of pulmonary sarcoid in a group of apparently 
unrelated industnes the toxicology of eighteen 
different chemicals was assayed bv routine meth- 
ods in rabbits, guinea pigs, white nuce and rats 
Among them were a pure, svnthetic zinc beryllium 
silicate, its ingredients, beryllium oxide, zinc 
oxide and silicic acid and zme silicate 
Both beryllium compounds produced results 
never encountered dunng the injection of sixty- 
five different minerals into the ear veins of rabbits 
(20 doces totaling I gram of particles, 3 microns 
and under, over a six week period) The same 
effects Here not produced by other methods of 
admimstration in rabbits nor by any method in 
gmnea pigs and rats Mice not done 
The rabbit’s spleen promptly atrophies, its 
liver develops progressive cirrhosis and the long 
bones, spine and ribs undergo progressive cortical 
sclerosis with ultimate replacement of most of the 
marrow cavity by hard osseous tissue Among seven 
rabbits surviving injection of zinc beryllium 
Bihcate for seven or more months all developed 
mahgnant osteo sarcomas, often with multiple 


primary sites, one died of tumor at 6§ months 
One other killed a year after injecting beryllium 
oxide liad a similar tumor Visceral motaslaseB 
developed in four 

These compounds contain no fluorine, the sihcato 
fluoresces in ultra v lolct, X radiation, etc , but 
affected bones give no evidence of radiant energy 
by Geiger counter They arc soluble and beryllium 
cannot be detected by spectroscopic examination 
four months after injection Zinc oxide, zinc sili- 
cate and silicic acid have no such action No 
malignancy' has been observed in human beings 
although their bones have been X-rayed for sarcoid 
lesions Beryllium compounds have not produced 
sarcoid in animals 

The effect of BAL therapy on the renal lesion 
In mercury poisoning Arthur M Ginzeek 
(introduced by Arnold R Rich) Pathology Sec- 
tion, Medical Division, Chemical Warfare Service, 
Edgewood Arsenal, Md The therapeutic ef- 
fectiveness of BAL (2,3,-dimorcaptopropanoI) 
in IcHisito and other arscmcal intoxication has 
been abundantly shown (Science 102 601, 1945) 
In association vnth Gilman’s studies (personal 
comraumcation) demonstrating further its marked 
value in mercury poisomng, a study has been made 
of the effect of BAL therapy on the anatomical 
lesions caused by mercury 

Intravenous administration to rabbits of 3 mg / 
kg of mercuric chloride, an amount lethal in 
about 2 to 5 days, results in very extensive to 
complete necrosis of the renal proximal convoluted 
tubules, and glomerular damage, evidenced by 
plasma leakage, and, occasionally, focal glomerular 
necrosis In striking contrast, BAL therapy be- 
ginning 5 minutes later inth the dose (0 15 -0 30 
mM /kg ) optimal in reducing mortality (Gilman, 
personal commumcation) results m complete 
prevention of the necrotizing action of mercury 
and total absence of lesions in such rabbits when- 
ever sacrificed (2 to SO days) Reduction of BAL 
to i, and even to yV, of the lower optimal dose still 
results in considerable to slight diminution of the 
renal cortical damage, complete absence of lesions 
in groups of cortical convoluted tubules, and per- 
mits considerable regeneration of damaged but not 
completely destroyed tubules Optimal dose ther- 
apy beginmng at 30 minutes results in diminution 
or entire absence of damage to a considerable pro- 
portion of the renal cortical parenchyma, and, after 
1 hour, in sparing of at least some Residual damage 
in late sacrificed surviving rabbits consists of focal 
areas of cortical atrophy, corresponding in extent 
to the degree of imtial necrosis 

The clinical and pathologic effects of the vesi- 
cant nitrogen and sulfur mustards Irving Graep, 
David A Kaenofsky (by invitation), Val B 
Jager (by invitation), Homer W Smith (by 
invitation) Dept of Pathology, New York Univ 
College of Medicine, New York The toxicity. 
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clinical and pathological cffccta of di-B-chloro- 
ethylmethylaminc were appraised in mice, rats, 
rabbits, dogs, chickens and pigeons by administer- 
ing the agent ns a gas, or ns a liquid, cutaneously, 
orally, subcutaneously, intraperitonenlly, and 
intravenouslj Di-B-chloroethylmethylannne is 
qualitatively similar in cficcts to di-B chloro- 
ethylethylamine, di-B-ehloroethylpropj lamine, 
tri-B-chloroethylaminc and di-B chloroethjl- 
ethylsulfide 

These compounds have a necrotizing action on 
contact with skin, cornea or mucous membranes, 
on inhalatmn, injury to the respiratory passages, 
and on ingestion, lesions in the mouth and upper 
gastro-intestinal tract result The agent is readilj 
absorbed from skin and mucous membranes In 
mammals the intravenous LDjo vanes from 1 to 
3 mg /kg , birds are considerably more resistant 

By various routes of administration, the pattern 
of systemic effects is essentially similar Supra- 
LDeo doses produce neurologic sj'mptoms and death 
within 24 hours After LDso doses, animals may 
remain almost asymptomatic for 1 to 2 daj s This 
IS followed by anorexia, weight loss, diarrhea and 
prostration, and death occurs in 3 to G daj a Ani- 
mals surviving injury usually recover completelj 
Lyraphocytopema and granulocytosis occur within 
12 hours after exposure, followed by progressive 
severe leucopema for 3 to 4 days The erythrocyte 
count IS little affected 

These climcal events are paralleled by (1) abrupt 
atrophy of lymph nodes, spleen and thymus, due 
to lymphocytorhexis, (2) aplastic degeneration of 
the bone marrow in 2 to 3 days, and (3) degenera- 
tive changes in the mucosa of the small intestine 

These climcal-pathological effects resemble those 
induced by X-ray irradiation 

Studies on pyndoxine deficiency in Rhesus 
monkeys Louis D Gheenberq (by invitation) 
AND James F Rinehart Divistom of Palhologij 
and Pharmacology, Umv of California Medical 
School, San Francisco Two and five-tenths to 

3 kilogram Rhesus monkeys were placed on a modi- 
fied M-3 diet (Waisman et al , Arch Biochem 

4 260, 1944) supplemented wnth synthetic water 
soluble vitamins, vitamins A and D and mixed 
natural tocopherols The supplement included 
synthetic “folic acid” and biotin but no pyndoxine 
On this regime ammals began to lose weight after 
10~14 days and have continued to show progressive 
loss of weight and decreased food consumption 
during the 87 day period of observation Their 
activity and strength were also reduced 

Weekly or bi-weekly studies of the blood picture 
have revealed thus far the development of a mild 
microcytic anenua while the blood picture in 
control monkeys has remained almost constant 
The expenment is still in progress and to the 
present time no signs of dermatitis or neurological 


mamfcstalions arc evident [Aided hy a grant 
from the Christine lirenn I und for Mcdieal Re 
search of (he Univ of California Wc arc indebted 
to Lcdcrlc’s Jjaby , Pearl River, New York, for 
the synthetic “fohr acid ”] 

Oxidized cellulose absorption and histo 
pntholog) 0 M Grmizit Dnision of Pathology 
and Pharmacologic Toxicology, Research Ijohys , 
Parle, Dans and Company, Detroit, Mich Oxi 
dized rclluloso (Oxyecl) is an acidic substance, a 
poljanlijdroglucurnnic acid complex In contact 
with weakly basic solutions it forms water soluble 
salts The physical appearance and structure of 
oxycol IS similar to ordinary cotton or cotton 
gauze In contact with tissues or tissue fluids, 
oxycol forms a coagulum, absorbs fluids and 
swells, producing a local hcmost"tic effect The 
influx of basic substanees from body fluids neutral 
izes the acidic oxy cel and forms soluble and absorb 
able degradation products In the initial stages 
of lysis and absorption, the oxycol becomes a dark 
colloidal mass which on further influx of fluids be- 
comes watcr-tlun in consistency The lysis and 
absorption of oxy cel from tissues takes place m 3 
to 1 1 days, depending on the size of the implant and 
the X asculanty' of the tissue bed The formed tissue 
coagulum limits the extent of tissue reaction to 
oxy cel implant The amount of coagulum formed 
determines the type of initial lesion, cither a thin 
or thick walled cyst, a nodule, or a loose trabecu 
latcd mass Coagulum formation between adjacent 
surfaces of tissues leads to formation of adhesions 
It 18 the main cause of subsequent tissue reaction 
in the process of its absorption A massive phago 
cytic cell invasion occurs, followed by' granulation 
tissue formation The oxycel constitutes a solu e, 
absorbable surgical gauze and possesses at the same 
time, local hemostatic properties Its reaction w 
tissues is relatively mild and liimted in area 
resultant protein coagulum constitutes resi u®i 
and its absorption determines the rate of hea m 
with formation of scar tissues , 

The selective radiation of specific tissues a^ 
viscera by means of radioactive isotopes 
Hahn and C W Sheppard (by invitation) P 
of Biochemistry, Vanderbilt Univ 
eases w hich are radiation sensitive may freque 
be treated by tlie use of artificial i,»y 

topes where X-radiation fails due to inaccessi 
of the tissue to the directed beam of the a 
of radiation Because of the wide variety' o 
available, one may deposit the desire ra 
enutter in selected tissues, depending on 
of the correct chemically or biologica 
element The form in which the compoun 
mimstered may also be used to assist in 
its subsequent course in the body ® obtain 
admimstration may be varied in or er _ jg 
seleetivity A wide choice of radiation s 
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nvailftblc in the use of isotopes pcrmittinR Eomo 
control of the depth of pcnetmtion of the njs 

Deep-sented, hollow Mseertv nmj be subjected to 
rsdistion bt the cmplo> ment of insoluble suspen- 
sions of isotopes Rndintion sickness is not nn nc- 
coniponj mg common festure of such treilment 
This IS nttributed to the fuel tlist destruction of 
norm'll tissue which occurs in X rij thompj under 
these conditions is mimmircd Furthermore, the 
mpidh dccressing intcnsitj of tissue lonizntion nl 
incrcssing distmces from the source of mdmtion 
works in fswr of the therapist rather than against 
him [This WTk irns done vndcr a grant from the 
Ntilnlion Foundation ] 

Effect of biotin and other B vitamins on pro- 
tcinascs Neuue HAUunxi' (b\ invitation) and 
Chahues Weiss’ Research Lahys , Mt 7ion IJos- 
pilal, San Francisco Biotin exerts a procarcino- 
geme effect (duYigncaud clal ) and influences sus- 
ceptibilitv to malaria (Trogcr) It is present m 
high concentration in vaccine virus In common 
with others of the group of the B v itamins it stimu- 
lates the growth of various microorgamsms and 
ammals Because the cndocolluLar prolcinasos 
(cathepsins) arc concerned with protein sjnthcsis 
and growth, we looked for a possible effect of B 
vitamins upon these enzjTncs Colchicine wus 
included since it arrests coll division 

Method The experimental procedures have been 
described (Weiss and Hallidaj ) The vitamins and 
colchicine w:ere dissolved in distilled water, ad- 
justed to about pH 4 9 and omploj ed in varying 
concentrations per cc of test solution, as follows 


TisI mairrtal 
Thiamine 
RIboflA^*ln 

Calcium pantothenate 

Isiacin 

Biotm 

Inositol 

Colchicine 


Concentration — range 
<00 to 4 X itr-* T 
40 to 4 X l<r*y 
SOO to 8 X 10-»7 

2 to 2 X 10“» mg 
0 75 to 3 X 10-7 7 

3 to 3 X 10-* mg 

1 2 to I 2 X 10-« mg 


Cathepsin II from beef spleen, and papain, purified 
by the method of Greenberg and co workers were 
incubated 2 hours wuth test material in the pres 
ence of cj steine and buffer solution before the sub- 
strate, benzoj 1-1 argimneamide (BAA), was added 
and titrations begun, according to method of 
Fruton and Bergmann 

Results With the exception of inositol which 
caused a slight inhibition, neither the vitamins nor 
colchicine had any sigmfioant effect on the enzymes 
employed Since B vitamins w hen phosphorylated 
and linked woth protein form oxidative, respiratory, 
decarboxylase or dehydrogenase sj stems, their 
effect on grow-th is apparently referable to these 
rather than to the proteolytic enzymes 
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Tissue lipids in essential xanthomatosis Anito 
E IIanspn and Himia F Wifse (by invitation) 
Dept of Pediatrics, Univ of Texas School of Medi- 
cine, Oaheston The fntlv acids in the lipid frac- 
tions and cholesterol (total and ester) were deter- 
mined in the tissues of a “J year old child who 
suffered from marked essential xanthomatosis and 
tlic results compared with those of control subjects 
The histologic features of the tissues were consis- 
tent walh a rcticulocndothcliosiB of the Hand- 
Scli filler Christian tjpc The quantity, distribu- 
tion, and degree of unsaturation of the fatty acids 
m the acetone insoluble (phospholipid) and acetone 
soluble (cholesterol ester plus triglyceride) frac- 
tions as well ns the total and estenfied cholesterol 
wore csscnlmlly the same in the kidney, spleen, 
and pancreas The amount of triglyceride fat in the 
liv cr, subcutaneous fat depots, and skin w ere rather 
small but of questionable significance There was 
a decreased quantity of cholesterol and cholesterol 
esters (0 53 and 0 29% respectively) m the adrenal 
gland compared w ith that of the control (3 73 and 
2 63% rcspcctivclj ) The cholesterol ester fatty 
acids comprised 2 4% of the total fatty acids in 
contrast to 22 0% for the control In the case of the 
pathologic marrow substance, a reverse situation 
existed Over 30% of the fatty acids in the involved 
marrow tissue was cholcstoTol ester fatty acids 
whereas in the control this was only 0 7% The 
iodine number of the acetone soluble fatty acids 
m the diseased marrow tissue was greater than that 
found in the normal marrow The degree of un- 
saturation of the fattj acids was not great enough 
to be consistent wnth the presence of highly un- 
saturated fattj acids [This study was aided by 
grants from the National lave Stock and Meat 
Board and the Medical Research Fund of the Gradu- 
ate School, Unto of Minnesota ] 

Prevention of experimental arterial lesions by 
cholesterol Russeu, L Holman Dept of Pathol- 
ogy, School of Medicine, Umv of North Carolina, 
Chapel Hill Many of the recent publications 
regarding cholesterol atherosolerosis in rabbits 
postulate that a primary injury to the vessel wall 
precedes the deposition of hpoid Several of the 
textbooks of pathology suggest a similar sequence 
for man The terms “lipoidal degeneration” and 
"lipoidal infiltration,” however, continue to dom- 
inate discussions of pathogenesis, and the role of 
cholesterol and its esters m arterial disease remains 
a controversial subject 

In previous commumcations to this society it 
has been shown that arterial lesions affecting prin- 
cipally the inner layers of the large arteries can be 
produced w^th regularity in dogs by controlling 
two factors, diet and renal insufficiency The 
“dietarv factor” is concentrated in (but not umque 
to) commercial cod liver oil, is heat stable, is not 
readily oxidized, is not vitamin A, and is not 
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vitamm D The method ^\hich renal insufTi- 
ciency is produced (uranium nitrate, mercuric 
chloride, bilateral nephrectomy, Leptospira cam- 
cola) IS relatively unimportant, but some degree 
of renal damage is essential 
In the acute stage the lesions resemble those of 
periarteritis nodosa or rheumatic arteritis Some 
of the lesions have healed leaving insignificant 
scars, while some of the more conspicuous scars 
resemble “spontaneous” lesions in this species 
The lesions arc aggravated bj repeated injections 
of homologous plasma, arc not affected bj choline, 
but are retarded or prevented by vitamin E and, 
to our surprise, b> cholesterol 
While much more control data is needed, the un- 
anticipated finding that cholesterol protectsagainst 
these arterial lesions raises the question Could 
cholesterol and cholesterol ester be pnmanl}' pro- 
tective and only secondarilj alterative? [Tins tear) 
teas aided by a grant from The John and Mary R 
MarUc Foundation The Vitamin E was supplied 
by Distillation Products, Inc ] 

Experimental jugular phlebitis W C Iluni'cn 
Warner Inst for Therapeutic Research, New York 
Two senes of 5 dogs each were used in experiments 
directed at the production of a chronic phlebitis 
of the jugular veins In one series the tips of the 
eye teeth of one side ware amputated and the tooth 
canals were injected with 24-hour cultures of 
hemolytic streptococci Roentgen-pictures taken 
one and two months later show'cd abscess forma- 
tion of the upper eye teeth of two dogs, w hile blood 
cultures made four and five months after the tooth 
resections showed once in these two dogs the pres- 
ence of gram negative, anaerobic bacilli, possibly 
related to Clostridium Welchi The histologic ex- 
amination of the neck vessels performed 8 months 
later revealed tongue-like endothelial proliferations 
in the external jugular vein of one of the two dogs 
with abscessed teeth The external and internal 
jugular veins of the 5 dogs of the second senes were 
ligated and five months later 0 5 cc of a bouillon 
culture of the bacilli obtained from the blood of 
the 2 dogs of the first senes was injected into a vein 
of the hind leg The external jugular veins of 3 of 
these 5 dogs showed after 8 months not only defimte 
cushion-like or tongue like proliferation of the 
endothelium, but in one instance also several gran- 
ulomatous intimal foci and medial hypertrophy 
The experimental observations support clinical 
evidence concermng the possible existence of latent 
jugular phlebitis as the result of toxinemic and 
allergic reactions to abscessed teeth and tonsils, 
and point to the potential therapeutic importance 
of such V enous lesions 

Studies on the mechanism of production of sys- 
temic injury by di-B-chloroelhylmethylamine 
hydrochloride David A Kahnofsky (by invita- 
tion), Ibvinq Gkaef, and Homer W Smith (by 


invititation) Dept of Pathology, New York Univ 
College of Medicine, New } orl 1 By occluding 
the circulation to the legs of rats and rabbits for 

2 to 5 minutes, bj a clamp placed on the aorta and 
vena cava immediately before the intravenous 
injection of 1 to 1 5 LDjo doses of di-B-chloroethyl- 
mcthvlaminc hydrochloride, the femoral bone 
marrow was protected and became hyperplastic, 
whereas the marrow cephalic to the clamp was 
destroyed The hyperplastic marrow was capable 
of maintaining a normal or elevated leucocyte count 
during the usual 4 day survival jicriod This dem 
onstratca that the leucotoxic action of the agent is 
rapid and direct, that animals may bo fatally in 
toxicatcd in spite of the prevention of Icucopenia, 
and that marrow spared from the direct action of 
the agent continues to flourish 

2 Occluding the circulation for 5 minutes to a 
portion of the small intestine just prior to and dur- 
ing the intravenous injection of 1 to 1 5 LDjoof the 
agent, protected that jxirtion of the intestinal 
mucosa, whereas characteristic degeneration oc 
curred in the rest of the intestine The direct 
rapidly completed action of the agent on the in- 
testinal mucosa was thus demonstrated 

3 Permanent ligation of the biliary duct 3 days 
pnor to the injection of the agent, did not alter the 
intestinal lesions after parenteral injection 

4 The possibility that the ly mphocytotoxio 
effects were duo to adrenal cortex stimulation 
(“alarm reaction”) was also mv’cstigated In 
adrcnalectoraizcd rats, the parenteral injection o 
the agent caused ly mphocytic fragmentation almost 
as extensive as m the non-adrenalectoimzed rats 

This suggests that this agent has a direct lymp ° 
cytotoxic effect 

Influence of single doses of alpha tocophero on 
growth and testicular atrophy of rats Hans I an 
NiTZ (introduced by H P Smith) Dept ° 

ogy. College of Physicians and Surgeons, Colurn > 
Umv , New York In co-operation with PapP®" 
heimer and Schogoleff, it was observed tha 
onset of testicular atrophy of rats on an Evans n 
diet was retarded by a single dose of alpha , 
erol admimstered on the 15th day It 
interesting to investigate whether the well s “ 
growth retardation of rats on tocopherol lo^ 
could also be influenced by single doses o 
erol on the 15th day jg 

A colony w'as grown on a yeast free ® gg 
mented by essential vitanuns, develope * , 

operation with Dr Charles Slanetz , its 
content, examined with the Emmene- a , ^jg^^ 
agent by the Kaumtz-Beaver method, 

3 mgs per 100 grams One group receive ^ 

plement , the other was given single dose 
tocopherol, from 1 to 27 mgs , on the gajeu- 

The weight deficits of male anima b w I 

lated below the cimve of optimal gro > 
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Zuckcr find Zucker The rceuRs proved Uifit after 
the 7lh week, the protected nninmls grow signifi- 
cmtlj bolter than the unprotected group A less 
pronounced but similar result was found m rats 
kept on Evans Burr diet 
The rats on jeast free diet showed, ns those on 
Evans Burr diet, definite dolaj of the testicular 
ntrophv after a single dose of tocopherol on the 
15th dnj Manj nmmals with testicular atrophj 
had no grow th deficit This suggests that the influ- 
ence of tocopherol on growth is dissociated from 
tliat on the testicular atrophj [Aided hy a grant 
from (he John and Sfary R MarUc Foundation J 
The pathogenesis and pathology of experimental 
air-bornc influenza A virus infection in mice 
CL.\rroN G Loosu Bcpl of Medicine, Univ of 
Chicago, Chicago, and the Commissions on Influenza 
and dir-Borne Infections, Army Epidemiological 
Board, Office of the Surgeon General, A U S In- 
fluenza A Virus infections were produced in mice 
bj allowing them to breathe atmospheres contain- 
ing the varus The mice were then killed at close 
intervals of time up to three and one half months 
after exposure and the respiratorj sj stem studied 
grosslj and microscopicallj 
Grosslj , pulmonarj lesions appeared after the 
third daj of exposure as red edematous pin point 
areas, which progressed in size and coalesced to 
involv 0 up to SO per cent of the lung tissue in some 
of the surviving animals Influenzal pulmonary 
lesions were present in all the ammals killed up to 
three and one half months after exTiosure 
hEcroscopicallj , the upper air-passages (nasal 
and pharyngeal epithehum) appeared to be essen- 
tially free of involvement Lesions were first seen 
at 48 hours as focal areas of degenerating epithelial 
cells hmng the trachea and bronchi These became 
progressively more extensive to involve the major 
portion of the trachea and all the bronchi of the 
involved lobes by the sixth day At the third day 
focal areas of inflammation appeared in the alveolar 
spaces, and in the walls of the bronchi The exudate 
was characterized by edema fluid, a few poly- 
morphonuclear leucocytes and hematogenous mono- 
nuclear exTidate cells The alveolar walls showed 
essentially no involvement At the sixth day the 
bronchial epithehum began to regenerate, became 
hyrperplastic, and produced obstruction of some 
of the bronchi and a permanent atelectasis of the 
whole or portions of the involved lobes The hyper- 
plastic bronchial epithehum grew into the col- 
lapsed tissue and underwent hyahne degeneration 
■resulting in cyst-hke spaces hned by cuboidal 
epithehum 

Experimental non-bactenal cardlo-vascular in- 
flammation Wabd J MacNeal, Anne Blevins 
(by invitation), Alice E Slaitkin (by invitation) 
and Helen Scanlon (by invitation) Dept of 
Bacteriology, New York Post-Graduate Medical 


School and Hospital, Columbia Vmv Since Juno 
1043, wo have observed a discnso in rabbits, guinea 
pigs and mice, cliamcterizcd by benign course 
and by' irregularly disseminated lesions of cardiac 
valves, mural endocardium, myocardium, peri- 
cardium, pulmonary and aortic arciies and small 
vessels in lung, capable of transmission by injoc 
tion of blood To demonstrate the lesions theammal 
IS sacrificed one to three weeks after inoculation 
and promptly fixed by vasuclar perfusion Many 
sections are searched for the lesions, in which 
mitotic figures indicate activity 
Injection of pericardial fluid from 5 patients with 
unquestioned rheumatic carditis has been followed 
in each instance by this experimental disease and 
it has been propagated to the 15th ammal in senes 
Injection of citratcd blood from 6 young persons 
with severe active rheumatic fever has given posi 
tivc result in some animals for each specimen 
Blood from 16 other patients with cardiac dam 
age, slight fever and abnormal sedimentation rate 
has given less umform results 
The supposed viruses liave been propagated in 
embryonated eggs, in one instance through 25 
serial transfers, followed by transfer back to 
mammals 

The disease can be numioked by multiple injec- 
tions of incompatible blood or by' single large injec- 
tion of influenza virus Serial transmissibility 
should distinguish Apjiarently, also, there are 
several natural viruses in small ammals, not so 
easily differentiated and possibly one or more of 
these may occur naturally in rodents and in 
children 

Possible relation of these viruses to human rheu- 
matic diseases seems to be worthy of further study 
[Aided hy Grant No 640 of the Council on Phar- 
macy and Chemistry, American Medical Associa- 
tion and by the Virus Research Fund of the Lambert 
Pharmacol Company ] 

Liver function tests from a surgical point of 
view Stephen Maddock, M D and Dokotht 
Jensen, A B (by invitation) The Surgical Re- 
search Laby , Boston City Hospital, Boston, Mass 
For the past ten years the majonty of liver func- 
tion tests in this hospital have been performed in 
this laboratory Over that period it has become 
increasingly obvious that the use of liver function 
tests in all cases reqmnng biliary tract surgery 
are of great value from the standpoint of the care 
of the patient 

In surgical practice it is important that the tests 
be relatively simple and rapid The tests employ ed 
are Icteric Index, Urobihnogen, Hippunc Acid 
Excretion, Alkaline Phosphatase, Prothrombin 
Time, Cephalin Flocculation and Bromsulphalein 
The important differential diagnosis hes, of 
course, between mechamcal obstruction, amena- 
ble to surgery, and aU other types of jaundice 
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In this prcscnlnlion no nttcmpf will be inndc to 
nnnlyrc the large mass of data but lalher to preient 
certain patterns which usuallj can be robed uiion 
prcoperatively 

The patient upon whom biliary tract 8urgcr^ is 
contemplated should receive the above tests 
Often v\hat appears to be a case rciiuinng simple 
cholccj'stectomy may need several weeks of careful 
preparation in order to insure an uneventful con- 
valescence 

Every patient w ith biliary obstruct ion is cut it led 
to exploratory laporotomy In frank obstruction, 
operation should be performed ns quicklj as possi- 
ble after the diagnosis is established 
Ischemic and onoxcmic damage to mjocardial 
capillaries and its relation to shock, angina pec- 
toris and mjocardial infarction G 11 Mixiriv, 
Mildred Stahlman, F R McCnrA, L E Smith 
and H J Smith, Jr (introduced bv E W Good- 
pasture) Dcpl of Mcchcinc, VanderhU Uinv 
Medical School, NashvtUc, Tcnn In the Rajlcj- 
LaDue heart preparation a ligature under a branch 
of the anterior descending coronary artcrj may be 
tightened to occlude the artery An exploring elec- 
trode placed over the ischemic area sometimes re- 
vealed progressive myocardial damage after the 
artery bad been released and blood flow' to the 
ischemic part reestablished Unless elements other 
than myocardial ones participated, this effect was 
inexplicable It was possible to show that ischemia 
or anoxemia of sufficient duration results in ex- 
tensive capillary endothelial damage demonstrable 
by permeability to trypan blue Extensive and ir- 
reversible myocardial damage may well be sec- 
ondary to this capillary injury rather than directly 
due to the effect of ischemia upon the muscle fibers 
themselves The relation of coronary artery spasm 
to myocardial infarction, Wigger’s cardiac factor 
in irreversible shock, and the frequent occurrence 
of myocardial infarction w'lthout demonstrable 
coronary occlusion could be explained on the basis 
of ischemic or anoxemic myocardial capillary endo- 
thelial damage The evidence indicates this damage 
may lead to irreversible myocardial injury despite 
reestablishment of coronary circulation or oxy- 
genation and suggests that an important factor is 
the duration of the insult, that a critical time 
exists for development of irreversible cardiac 
damage [Supported part by a grant from Ciba 
Pharmaceutical Products, Inc ] 

Effect of the leukocj'tosis-promoting factor of 
exudates on human beings Valy Menkin, E 
Ulled (by invitation), and E G Goodman (by 
invitation) Dept of Pathology and Medicine, Duke 
Umv School of Medicine, Durham, N C The 
earlier studies by one of the authors (V M ) have 
demonstrated the liberation in inflammatory exu- 
dates of a protein-like substance associated wnth 
the pseudoglobuhn fraction of exudates capable of 
increasing the number of circulating leukocytes 


and of inducing a Iivporpinsia of granulocj tes and 
of iiitgakaryocj (( a in the Inine marrow This sub 
slancc offers a reasonable explanation for the Icuko- 
ej tosis aceoiiipanj ing numerous inflammatory 
proeessos 

This fraction, active on dogs and guinea pigs, 
has now been found to im rea'^c lil ev i^e the number 
of circulating Iciikoevles in human beings A 
canine fraction of letikocv tosis jiromoting factor 
has been ined Tlic ri«e in white count with potent 
fractions ranges from about SO to 150 per cent Tlie 
material is both innocuous and rajiidly active on 
human beings, and therefore may be of definite 
clinical signifleance 

Observations on Tj77cr’6 disease of mice F L 
Rioht-, (by inv itation), E B Jaci sox 0>J invita- 
tion) and J E Sviadii Dniswn of Virus and 
Jhcl cttstnl Diseases, Army Medical School, Vi ash- 
inton, D C \n enrootic disease was encountered 
among certain stocks of white mice (Swiss), which 
presented a picture indistinguishable from that 
observed by Tj77cr in 1017 in Japanese waltzing 
mice The present malady , like the original, was 
transmitted irregularly when affected liver tissue 
was injected intrapcntoncally into normal mice 
However, such inoculum induced a fatal encepha- 
litis in mice injected intracerebmlly Furthermore, 
the infection was experimentally maintained by 
serial passage of brain material for ov cr a y car The 
cerebral lesions, like those found in the livers of 
naturallv infected mice, consisted of a central area 
of necrosis usually surrounded by a zone of polj- 
morphonucloar dels The long thin banded, pleo- 
morphic, gram negative, non-motilc rod whic 
Ty'zzer named Bacillus pihformis occurred m 
abundance in infected brains This orgamsm whic 
was constantly associated with infectious matena 
did not grow on a number of the plain or enriche 
media but multiplied readily in agar slant tissue 
cultures containing chick or mouse embryo ce s 
It rapidly lost its virulence for mice when grown 
under these conditions 

Rats, hamsters and rabbits succumbed with ' 


experimental encephalitis 

Ammo acid utilization in simultaneous 
proteinemia and anemia Elimination of one o®®® 
tial from growth mixture (Rose) F S Robsc^ 
Robbins, and L L Miller (by invitation) a 
of pathology. School of Medicine and Rends > 
Umv of Rochester A mixture of pure cr^ a i 
ammo acids essential for growd-h in rats ( 
well utilized to form both hemoglobin an p a 
protein in a doubly depleted dog (simu ane 
hypoproteinemia and anemia) Ehmina 
threonine, methiomne or phenylalanine 
efficiency of utilization of the ammo aci nu _ 
as mamfest by urinary nitrogen excre 
output of both hemoglobin and plasma pro 


a time is well sustained 

The significance of hyperemia 


around tumor 
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implnnts ^^An^E^l Sm idon (In i)n)tnl)on)f>nil 
DM.r R CoM\N IfcHotin') I nb\i of Polhalogti 
Dnii of Pcnn^yhonta, Schoot of Mcilicinc, Phifa- 
ddphuJ Intense locnl In percniin is i constsnl fiml- 
ing in the ^ icinit\ of tnnsplint'iblc mouse tumors 
Experiments ucre directed toward determining 
the significance of tfns pficnomenon It was found 
that hxpercmia appeared within IS hours nftcr 
implantation and was progressne thereafter so 
long as the tumor grow Implants of homologous 
ndult muscle tissue failed to produce hjpcremii 
indicating that the Inpcremia obsened in the 
preceding experiment was not caused nierclj b> 
the presence of foreign tissue Heterologous tumor 
implants did not produce hjperenna showing that 
the x-ascular resiionse did not depend upon the fact 
that the tissue was neoplastic Homologous cm 
brxonic tissue, which grew for a lime in the host, 
excited strong hipercnua that faded ns the cm 
brj omc tissue finallj regressed This suggested that 
the hxperemia was due to the presence of prolifer- 
ating cells This hjpothesis was tested further bj 
the followang experiment Tumor 1, from Bagg 
albino nuce, when implanted in C57 mice grows 
for a lime and then regresses, leaxang the mieo 
resistant to subsequent implants of this tumor 
It was found that the imtial implants of Tumor 1, 
during their short growth period produced hj pore 
mia, whereas subsequent implants of the same 
tumor in the same mice did not grow and did not 
cause hjTiereraia 

It IS concluded from these expenments that the 
hypereima around transplanted mouse tumors is 
due to the presence of proliferating cells This in- 
creased flux of blood presumably operates advan- 
tageously to the dividing tumor cells Hjqicrcmia 
IB the first apparent step in the process bj which 
the tumor establishes its own blood supplj 

Studies by radioactive methods of the distribu- 
tion, retention, and excretion of colloidal particles 
administered intravenously in humans C W 
Skeppakd (by invitation) and P F Hahn Depl 
of Btochemntry, Vanderbilt Univ Colloidal sols 
of manganese dioxide containing radio active man- 
ganese have been administered successfully to 
humans by the intravenous route In cases suf- 
fenng from fatal, malignant diseases, autopsy find- 
ings indicated that the particulate matter was re- 
tained by phagocytosis Distribution was found to 
shows rough correlation with the reticulo-endothe- 
lial system Release of the material from the body 
18 found to be relatively slow but, nevertheless, at 
an appreciable rate This was further substantiated 
by gamma ray measurements Excretion of the 
matenal was found to be predominantly through 
the stools [Pftts urorf, was done under a grant from 
the Nutrition Foundation ] 

The permeability of renal glomeruli for proteins 
in lower animals Hans F Siietana £>ept of 


Palhalogt/, CoUege of Physicians and Surgeons, 
Columbia Untv , New York, N Y While experi- 
menting with the rcabsorption of protein dy o com- 
binations by the “open” tubules of urodclcs,' it 
was found that such protein dyes, injected in- 
trixcnously , passed thruogli the glomerular filter 
Because of this unsuspected finding, a study was 
undertaken to follow the fate of various protein- 
dye preparations after intravenous injections into 
mnnimals Procedures Solutions of peptone, egg 
albumin, scrum albumin, “crum globulin and casein 
were coujiled with the disodium salt of 2 naphtol 
3,C disulfomc acid (R salt) according to methods 
described by Ivnbat and Ilcidclbcrgcr * These 
protein R salt combinations arc quite stable and 
can easily be identified by their intense rod color 
Senes of mice, rats, guinea pigs, rabbits and dogs 
were injected intravenously' and their organs were 
studied from half an hour to thirty days after the 
injection 

Results In mice and rats, tiny, brilliantly- 
stained red granules appeared in the lining cells of 
the convoluted renal tubules after about one hour 
followong an injection of 0 5 cc of heterologous as 
well as homologous protein dye preparations, and 
they became more abundant after several days, 
after one month they had almost entirely disap 
peared Colored matter was present in the reticulo 
endothelial cells of most viscera 

No passage of protein dye combinations through 
the glomerular filter and reabsorption by tubules 
was observed m guinea pigs, rabbits and dogs 

Thymic atrophy (accidental involution) and its 
failure to occur in calcium deficiency Herbert 
Stoerk (introduced by H P Smith) Dept of 
Pathology, College of Physicians and Surgeons, 
Columbia Univ , New York A senes of observa- 
tions indicated that thymic atrophy occurred with 
body weight deficit which was induced by inam- 
tion, restricted feeding or single deficiencies The 
extent of the atrophy in most cases roughly paral- 
leled the amount of body weight deficit As re- 
ported previously (Proc Soc Exp Bio! and Med , 
5G 151, 1944), pyndoxine deficiency had a most 
striking and apparently specific effect m producing 
thymic atrophy, far byeond the expected atrophy 
for the body weight deficit An opposite effect of 
apparently specific nature has been observed in 
rats maintained on diets low in calcium The thy im 
of rats on a diet very low in calcium but otherwise 
adequate, in spite of grow'th retardation and even 
body weight loss, were not smaller than those of 
normal ammals of the same body weight and were 
much larger than the glands of controls on the 


1 Smetana, H F and Johnson F R . Am J Path 18 1029 
1942 

1 Kabat E A and Heidelberger, M , J Exper Med 66 229 
1937 
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same caloric intake bul leceninR normal amounta 
of calcium Such failiiic of (lie tliMniis to umlcrKo 
accident il involution, as obscr\ed in adrenal or 
gonadal insufliciency, vaa termed bj carliei ob 
servers "tlijunus In perplasi i” However, on j)roi>cr 
comparison, neither of these two latter conditions 


rhatige the normal course of thjmic development 
(Lndoi rinoloj'j , T1 120, 1911) 

1 he d( Mcrilx d t ffc ( t of low cah lum feeding adds 
anothi r condition to those in which the usual re 
8|>onMe of I lie thjiniis to harmful stimuli fails to 
occur 
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Caloric intake and the utilization of dictarj 
protein for growth Dvvid K BossiiAnnx (b} 
invitation) and RicnAnn II Baunes Dept of 
Biochemical Research, Sharp and Dohmc, Inc , 
Glenolden, Penna It has been shown prcviouslj 
that a restriction of protein intake resulting from 
the feeding of a diet containing a small percentage 
of protein or by restriction of the entire diet 
through paired-feeding causes a decrease in the 
utilization of protein for grow th It is probable that 
the major factor causing decreased protein utiliza- 
tion under these conditions is the level of protein 
consumed How ever, another factor that is common 
to both of the above conditions and may be in- 
volved in the lowered protein utilization is a de- 
creased caloric intake 

Caloric intake and protein utilization have been 
compared in growing rats and mice that w ere con- 
suming isocaloric diets ad libitum Protein utiliza- 
tion was measured as the percentage of absorbed 
protein mtrogen used for body nitrogen gam and 
caloric intake w^as calculated as the average daily 
consumption of calories per 100 cm = body surface 
area (with mice the calculation was based on 
weight^/5) during the experimental feeding period 
Four protein sources w'ere fed to rats and 3 to mice 
At least 7 levels of each test protein w ere included 
in the diets With each protein source it was found 
that there was a maximal caloric intake per unit 
body size and that this highest intake w'as obtained 
at the level of protein in the diet that maintained 
maximal protein utilization At levels of protein 
in the diet on either side of maximal piotem 
utilization caloric intake decreased A second series 
of studies has indicated that at any given level of 
protein intake, increases in caloric consumption 
may result in an improvement in the utilization of 
protein for growdih 

Urinary excretion of riboflavin by college 
women Wilma Brewer (by invitation), Thelma 


PoRTiR, Ruth Ixgaiis (by invitation), Marie 
Dvi and Margaret OnnsoN Dept of Foods and 
I^utnlion, School of Home Economics, Michigan 
State College, East Lansing Tlic unnary excretion 
of riboflavin of fourteen college women was studied 
under the following conditions (1) self selected 
diet, (2) usual diet supplemented daily with 3 mg 
of nboflavnn, (3) controlled diet at six riboflavin 
intakes, and (1)21 liour excretion after a 3 mg 
dose of riboflavin following each period of con 
trolled intake From three to nine subjects were 
studied at each of the follownng nboflavnn intakes 
0 79, 1 04, 1 2G, 1 62, 2 23, and 2 73 mg daily 
Urinary excretion of riboflavin on self chosen 
diets ranged from 144 to 850 meg per 24 hours The 
average urinary' riboflavin for the last three days 
of each period of controlled diet was, respectively, 
0 07, 0 16, 0 13, 0 32, 1 IS, and 1 31 mg per 24 hours 
V study of the daily' excretions and the excretion 
of the test dose after each dietary' period indicate 
that 2 23 mg were in excess of the needs of t e 
subjects Four subjects showed a sharp increase in 
urinary' excretion of the test dose after an inta e 
of 1 26 mg and did not use additional vitamin o 
apparent advantage For two subjects the 
were incomplete but it appeared that the increase 
in excretion of test dose occurred betw een inta es 
of 1 26 and 1 62 mg For four subjects the upper 
limit of intake which maintained tissue stores wa 
not determined but an intake of 1 62 mg seeme 
to approach this point 

All of the subjects were in good physical lea 
throughout the experiment ' , 

The utilization of carotene from carrots y 
mans Elizabeth C Caluson (by 
Elsa Orent-Keiles Bureau of Human Nu n « 
and Home Economics, U S D A , 21 

Four young adults, ranging m age from 
years, were maintained on a diet deficien iQ 
min A, but adequate in other respects, un 1 
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fccti\o ihrk 'xdnptfttion appeared, ns detected bj 
the Hecht Shher ndaptomoter 

Quick frozen carrots were then fed ns a source of 
\itamin A ^•nlue, the amount neccssnrj to restore 
and maintain normal Msion being reached bj 
graduallj increasing the amounts of the a ego 
table fed 

Both chemical and bioassaa procedures ncro em- 
plojcd to determine the carotene content of the 
carrots The bioassaj anliie aras found to be onlj a 
third of that determined spectrophotomctricallj , 
whereas in prcMOUs work with quick frozen peas 
and spinach, chemical and bioassaj results had 
been in close agreement When the aatamin A aailue 
of the carrots, determined bj biaassaj , was used 
as a basis for the calculations, the human require- 
ment for \atamin A as supplied from carrots ivas 
a erj similar to that pre\ louslj reported for certain 
green a cgetables, e g peas and spinach However, 
avhen the results of the chemical assaj were used, 
the apparent human requirement wes trebled in 
magnitude 

Thus it appears that carrots differ, from spinach 
and peas in the extent to which their carotene is 
utilized bj two species of mammals, i e the rat 
and man [Thts research was supported in part 
by an aUotmcnl made by the Secretary of Agncullurc 
from Special Research Funds {Bankhead Jones 
Act of June S9, 19S5) ] 

Relationship between protein intake and 
pjTidoxtne deficiency in the rat Effect of supple- 
menting a low-protein diet with methionine 
Leopold R Cerecedo Dept of Biochemistry 
Fordham Univ , New York B8, N Y (Read bjr 
title ) Preanous studies (Arch Biochem 5 207, 
1944) showed that the level of protein in the diet 
has a pronounced effect on the seventy of symp- 
toms caused by a lack of pyndoxine in the rat 
The acrodyma that developed on a low -protein 
diet (15 per cent casein , diet A) was a mild form in 
most cases, whereas in the ammals receiving the 
higher protein levels (30 or 45 per cent), severe 
symptoms were produced Further studies 
(Federation Proceedings 3 55, 1944) showed that 
rats receiving diet A supplemented with cystine 
(0 5 gm added to 100 gm diet) developed more 
severe symptoms and died sooner than those given 
diet A alone 

In the present study, rats of the Wistar strain 
were placed at weamng on diet A supplemented 
with methiomne (0 31 gm added to 100 gm diet) 
The results were similar to those observed when 
cystine was the supplement [Aided by a grant 
from the Committee on Scientific Research of the 
American Medical Association ] 

Storage of pantothenic acid in the mouse 
Leopold R Cerecedo, Joseph G Sandza (by 
invitation) AND Edward A White (by invitation) 
Dept of Biochemistry, Fordham Untv , New York 


68, N I' (Rend bj title ) Litters of albino mico 
were placed at weaning on a ration consisting of 
purified casein 25, sucrose 63, salts 6, Cnsco 10, 
lard 5, and Ruffex 2 Supplements of thiamine, 
nboflaMn, pyridoxino, choline, alpha tocopherol, 
beta carotene, and vitamin D were added to the 
ration One or more animals from each litter were 
killed at weaning, and the liver and muscles micro- 
biologically assay cd for pantothenic acid Alopecia 
and cessation of grow th were the first symptoms of 
pantothenic acid deficiency The results indicate a 
relationship between the amount of pantothenic 
acid present in the liver and the time of appearance 
of the deficiency symptoms The larger the amount 
of the vitamin in the liver, the longer was the period 
during which the ammals grew and were free from 
alopecia 

Nursing mice and their progeny were placed on 
the aboxe ration on the eleventh day of the lacta- 
tion period The young w ere w caned on the tw enty- 
first day, and were continued on the deficient 
diet The controls were young from mothers that 
had been given the stock diet during the whole 
lactation period They were placed on the panto- 
theme acid free ration at weamng The former 
were found to be more susceptible to the deficiency 
than the controls This greater susceptibility 
showed itself as follows they developed alopecia 
and ceased to grow at an earlier period, and their 
period of survival was much shorter [TAis tn- 
vcstigation was aided by a grant from the John and 
Mary R Markle Foundation ] 

Strain differences in the resistance of rats to 
pyndoxine deficiency Leopold R Cerecedo 
Dept of Biochemistry, Fordham Univ , New York 
68, N Y (Read by title ) The ammals used m this 
study belonged to the Wistar and to the Spragus- 
Dawley strains They were placed at weamng on a 
diet consisting of casein (Labco or Smaco) 60, 
sucrose 55, Cnsco 5, cod liver oil 3, Osborne and 
Mendel salts 7 This ration was supplemented 
with the following vitamins, added per kilogram 
of diet thianune 10 mg , riboflavin 10 mg , and 
calcium pantothenate 40 mg Resistance to the 
deficiency of pyndoxine was measured by (a) time 
of onset of the acrodyma, (b) the gain in weight 
dunng the expenmental period, and (c) length of 
the survival period 

On the basis of the above cnteria, the Sprague- 
Dawley rats were found to be more resistant to a 
lack of pyndoxine in the diet than the Wistar 
rats The reason for the difference in susceptibility 
shown by the two strains is not known However, 
several of the Sprague -Daw ley rats were observed 
to eat their feces 

Previous studies in this laboratory (J Nutrition 
24 93, 1942, Arch Biochem 5 207, 1944) have 
shown that in the rat (1) the capacity to store 
pyndoxine, and (2) the protein level in the diet 
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influence the time of onset and the seventy of the 
acrodynm produced by pyridoxino dcficicncj Tlio 
present study shows tliat a third factor, nnmcJy, 
the strain of rats used, sliould be taken into account 
when studying the biological action of this vitamin 
[Aided by a grant from the Committee on Scientific 
Research of the American Mcdteal Assoctalion 
Relationship between salt intake and sweat 
salt concentration under conditions of hard 
work in humid heat Jeromi W CoNNiMAnoAniT 
W Johnston and LAUUENcr II Louis (bj in- 
vitation) Nutrition Labij , Univ of Michigan 
Medical School, Ann Arbor, Michigan (Read bj 
title ) Fully acclimatized men living continuously 
in a simulated tropical environment and perform- 
ing a standard amount of w ork each day (suflicicnt 
to produce 5 to 10 liters of sw cat/2i h) respond to a 
diminishing salt intake by reducing the concentra- 
tion of salt in the sweat, thereby conserving body 
salt Down to surprisingly low levels of salt intake 
they are able to reestablish salt balance On high 
salt intake levels much variation in sweat salt 
concentration among different individuals is 
observed As salt intake is reduced, however, the 
concentrations of salt in sweat of different subjects 
on the same intake level approach each other On 
very low levels of salt intake, individual variations 
in the hunt of adaptability, i e , production of 
sweat very dilute in chloride, determines whether 


At ureal 


Subject 

HaCl intake 
Sm: /day 

Test period 
days 

cmoridc 
cane * 
mE{ /liter 

H B 

18 5 

20 

30 

L B (negro) 

18 5 

20 

25 

G J 

18 5 

19 

35 

G J 

18 S 

20 

35 

B L 

18 5 

11 

12 

D B 

18 5 

9 

10 

D B 

18 6 

22 

18 

K H 

18 6 

9 

22 

G C 

18 6 

38 

40 

H B 

10 0 

6 

21 

L B (negro) 

10 0 

6 

14 

G J 

10 0 

14 

18 

R L 

10 0 

12 

8 

D B 

10 0 

6 

9 

H B 

6 S 

4 

13 

L B (negro) 

6 6 

3 

9 

L B (negro) 

6 5 

10 

9 

G J 

S 5 

11 

13 

G J 

5 5 

S 

10 

G J 

B B 

45 

10 

R L 

B B 

11 

7 

R L 

5 5 

6 

9 

D B 

S 5 

14 

8 

K H 

6 S 

16 

18 

G C 

B 5 

21 

24 

L B (negro) 

2 7 

11 

8 

L B (negro) 

2 7 

10 

6 

G J 

2 7 

10 

10 

R L 

2 7 

10 

5 

R L 

2 7 

14 

8 


Subject 

PaCl tntaii 
fnt /day 

Test Period 
dayi 

At STriit 
eklerlit 
cone ' 
mEii /Ulr 

T> 11 

2 7 

12 

6 

D JJ 

2 7 

23 

5 

K n 

2 7 

16 

11 

R 1. 

I 0 

Cf 

6 

R L 

I 9 

101 

8 

D B 

1 9 

19 

5 


* A% cmrn o' doilj dr IrrmJnillon-i lor cneh penod 
t ConrrniU^ o ix-notLi 


or not salt balanrc will be established [Work done 
under contracts with (I) The Office of Scientific 
Research and dcirlopmcnt, National Research 
Council, 11 ashington, D C , nnd (2) The United 
Slates Armv, Office of the Surgeon General, Wash- 
ington, D C I 

Attempts to produce a niacin deficiency in the 
monkey Jack M CooPFnwAN (by invitation), 
Keith B McCaii, (by invitation), W R Rue- 
gamer (liy invitation), nnd C A Ekvehjem 
Dept of Riochemisln/, Univ of M isconsin, Madi- 
son Rhesus monkeys were given the Kasai ration 
(hI-2) consisting of sucrose 73, casein 18, salts 4, 
cod liver oil 3, corn ml 2 nnd adequate amounts of 
ascorbic acid nnd the known B vatamins (including 
folic acid and biotin), c\ccpt niacin, in an effort to 
produce a mncin dcricicncy After 10 months on this 
macm-low ration the animals began to lose weight 
and became anomic Niacin at levels of 10 and 25 
mg per day given orally or jiarcntcrally proved in- 
cffcctiv'o in correcting tins sy ndroroe On the other 
hand, w hen the basal ration vv as supplemented with 
3% w hole liver pow der, a good source of the monkey 
anti-anemia factor, the monkeys respoude 
promptly both in weight gain nnd hemoglobin 
production Apparently under these conditions the 
monkeys developed a deficiency related to t e 
monkey' anti-anemia factor 

When young monkey s w ere fed a ration m 
corn grits were substituted for 40% of the ^ 
basal they failed to grow' and at the end of 2 mon s 
developed an anemia and a reversal in the neutro 
phile-lymphocyte ratio, symptoms typical o a 
deficiency for the monkey anti-anemia factor 
addition of niacin, tryptophane, or both to s 
ration proved ineffective in combating the ® 
ciency Supplementing the ration with 3% ° 

liver powder caused a rapid growth response an 
prompt remission of the blood dyscrasia 

The biologically determined vitamin C po ei^ 
of orange juice E W Crakjfton and Baebai^ 
Burton (by invitation) Dept of Nutrition, ° 
donald College (McGill Univ ) P Quebec, 

Using a new biological assay procedure, 
the maximum development in height of the 0 ° 
blast cells of the incisor teeth of young 
IB the criterion of 
fresh orange juice 
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juico, but not “ftrlificml" oranRc jmco lln^o n. sig- 
nificantlj luBhcr \ itamin G iwtcncy thnn le indi- 
cated bj chemical assaj of these matenals Parallel 
lots of pigs fed crj stalhne ascorbic acid at levels 
corresponding to the chemicallj estimated poten- 
cies of the juices were used as controls in all tests 
The results suggest tliat orange juice contains some 
substance which enlianccs the utilization of the 
ascorbic acid present 

An unidentified factor or factors effective In the 
treatment of experimental blood dyscraslas In 
rats FlovdS DAirandW H SEnm-Li, Division 
of Physiology, National Inst of Health, Bethesda 
H, Md Anemia and granulocy topema have de- 
veloped in rats deprived of pantothenic acid (Pub 
Health Rep , GO 1201 (1Q45)) Despite the fact 
that the dev clopmcnt of these dj scrasias could be 
prevented bj the admimstration of adequate 
amounts of pantothomc acid, the results of therapy 
indicated that thej were not signs of an uncompli- 
cated deCciencj of this vitamin Granulooj topema, 
unaccompamed by anemia, nas corrected by the 
L casci factor alone and there was ovndcncc lliat at 
least a part of the anemic amnials n ere deficient in 
this substance It appeared, less conclusively, that 
rats with anemia alone or with both anemia and 
granulocytopenia imght be deficient in one or more 
umdentificd factors Further investigations have 
jnelded additional evidence which supports this 
point of vnew 

Weanling albino rats acre given a pantothemo 
acid-deficient diet which was identical to the one 
previously employed except that it contained L 
casei factor at a level of 4 nucrogtams per gram of 
food Both anemia and granulocytopema developed 
in high incidence in these rats Treatment of 
affected amtnals with whole dried liver was con- 
siderably more effective than treatment with pan- 
tothemc acid This suggests very strongly that at 
least one umdentified factor is required by the rat 
for the maintenance of normal levels of circulating 
blood cells 

Eflfect of excess nicotamide on growth of the 
chicken W J Dann Dept of Physiology, Duke 
Untv School of Medicine, Durham, North Carolina 
(Read by title ) The addition of 0 1 per cent of 
mcotinarmde to a growing mash for chicks did not 
affect the growth rate of chicks , 1 0 or 2 0 per cent 
caused a marked decrease in consumption of the 
mash and consequent decrease in growrth rate Con- 
trol chicks on plain mash with food intake limited 
to that of the chicks receiving mash plus 2 0 per 
cent mcotinannde grew slightly better than the 
latter 

Commercial "day-old” chicks of several heavy 
breeds grew on the average 280 grama on the plain 
mash in 4 weeks , on mash plus 2 0 per cent mcotin- 
amide ad lib they grew 125 grama in the same pe- 
riod Their growrth was not improved by adding 2 0 


per cent of glycino or of choline chloride to tho 
mash as well as tho nicotinamide Chicks given tho 
mash with 2 0 per cent nicotinamide after 6 weeks 
had livers which were rather smaller, although a 
higher percentage of tho body w eight, than those of 
chicks fed plain mash There was no difference be- 
tween tho weight of fat per gram of moist liver in 
the two groups, it was close to 7 5 grams for each 

Tho addition of 2 0 per cent of nicotinic acid to 
the mash had no effect upon food consumption or 
rate of grow th The same amount of glycino added 
also depressed food consumption and growth rate, 
but only to about one half tho extent duo to mco- 
tinamide (Aided by a grant from the John and Mary 
R Marklc Foundation ] 

The effect of corn grits on the nicotinic acid ex- 
cretion of the rat W J Dann Dept of Physiology, 
Duke Univ School of Medicine, Durham, North 
Carolina (Read by title ) It has been shown by 
Krchl and co workers (Science 101 283 and 489 
(1945)) that replacement of 40 per cent of a simpli- 
fied basal diet contaimng 15 per cent of casein by 
corn gnts inhibits the growth of rats, and that 
simultaneous addition of mcotimc acid or trypto- 
phane reverses the inhibition This effect has been 
confirmed, using a diet contaimng 15 per cent of 
Labco casein with Vanderbilt strain rats Four- 
week growth of rats weighing 60 grams on the basal 
diet was 85 grams, on basal diet 60 parts plus corn 
grits 40 parts it was 40 grams, on the latter plus 
10 mg mcotimc acid per kilo, 71 grams Groups of 
9 rats were used 

The daily output of N*-methylmcotinaimde in 
the urine of 6 adult rats was followed Three re- 
ceived the basal diet and excreted 150 to 200 micro- 
grams daily , three others received the mixed basal 
diet plus grits and excreted 40 to 60 nucrogtams 
After 10 days the diets of the groups w ere reversed, 
and the output of those changed from basal diet to 
the diet with grits fell to 40 nucrograms daily, 
for 2 rats within 6 days, for the third only after 
25 days 

The rats changed from the diet with gnts to basal 
diet alone behaved very irregularly The output of 
two fluctuated for the next month between 40 and 
115 micrograms, ending at the low figure The third 
steadily increased its output from 60 to 160 micro- 
grams daily This irregulanty of response favors 
the hypothesis that the corn gnts act indirectly by 
affecting the intestinal flora [Aided by a grant from 
the John and Mary R Markle Foundation ] 

Absorption of radioactive iron by school chil- 
dren WiLUASi J Darby, Paxh, F Hahn (by invi- 
tation), Ruth C Steinkamp (by invitation), and 
Margaret M Kasbb (by invitation) Depts of 
Biochemistry and Medicine, School of Medicine, 
Vanderbilt Umv , Nashville, Tenn It is well estab- 
lished that the non deficient adult male absorbs a 
negligible quantity of adimmstered radioactive 
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iron (/ Exp Med 69 759, 16) The uptake of 
iron IS increased in the anemia of iron deficiency 
We have investigated the absorption of ferrous 
chloride tagged with the radioactive isotope by 
children 6 to 10 years of age in order to establish the 
iron absorption within this ago group and, further, 
to ascertain vhethor a measure of this function 
might permit an estimate of the incidence of iron 
deficiency within a population of children 
During the course of a nutrition survey 189 chil- 
dren were fed doses of 2 1 to 6 0 mg of iron ns fer- 
rous chloride Samples of venous blood w ere taken 
10 to 15 days later and the radioactivity of the iron 
in the blood determined Assuming that all of the 
absorbed iron was combined as circulating red cell 
hemoglobin in the blood, the percentage absorption 
was calculated Simultaneously, determinations 
were made of hemoglobin concentration and \ arious 
vitamin levels in the blood , ph 3 'sical o\amination 
and calculation of dietary intake from a one-week 
diet record were carried out 
The mean percentage of iron absorbed was 13 5, 
the median, 115 Tw’enty-five per cent of the chil- 
dren showed less than 7 0 per cent uptake , seventj - 
five per cent, less than 17 0 per cent uptake These 
figures indicate a greater absorption than one ob- 
serves in the adult male No correlation cvisted 
between hemoglobin levels and iron uptake by 
these children The hemoglobin levels per se ap- 
pear to exert little effect upon the raechamsm for 
control of iron absorption Little, if any, correla- 
tion existed between iron uptake and per cent of 
standard body weight, calculated daily iron intake, 
economic level of the group, or size of dose admims- 
tered [This study was supported in part by grants 
from the Nutrition Foundation, Inc , the Inter- 
national Health Division of The Rockefeller Foun- 
dation, and the Tennessee Dept of Public Health ] 
Problems of world nutrition David B Dill 
Fatigue Laby , Harvard Univ , Boston, Mass 
Those of us who have had an opportumty to observe 
first-hand the problem of providing an adequate 
ration for the peoples of Europe and Asia view with 
some concern the degree to w'hich research in nutri- 
tion IS devoted to the mceties of a perfectly bal- 
anced ration To Europeans and Asiatics the diets 
we define as essential for well-being exist only in a 
dream world 

Reports indicate that the basic ration in central 
Europe is even less adequate than in Germany 
where the Potsdam agreement calls for a standard 
of living no higher than that of surrounding coun- 
tries At the moment the official basic German ra- 
tion calls for 1550 Calories with added points for 
workers Extra food can be had in the black market 
with enough money or barter On the other hand 
some do not get even 1550 Calories 
It may be assumed that the greater the disparity 
in standards of living betw een America and the rest 
of the w orld, the greater the hatred of us thus en- 


gendered With the techniques of modern war it is 
easy to visualize this hatred being fanned to flames 
which may consume us all 

Ihc members of tins Institute, without neglect- 
ing the ills of our own nation, might well devote 
more of their attention to the staggering problems 
of world nutrition, defining goals adequate nutn- 
tionallj and jet within the world’s food productive 
capacity 

Biotin deficiency produced by (he feeding of 
Mnrfnnil to rats Gladis A EMEnsox and J C 
IxEnrszTEsa Merck Inst for Therapeutic Research 
and the Research Laby of Merck A Co , Inc , Rah- 
way, N J Manifcstationsof biotin deficiency were 
induced in the rat by the feeding of a purified diet 
containing 0 75% Marfanil The clinical picture 
appeared identical with that produced in rats con- 
suming rations containing dried egg white The 
depletion signs consisted of sub-normal growth, 
alopecia and a generalized dermatitis The biotin 
avitaminosis could be prevented or cured by the 
admimstration of biotin P-aminobcnzoic acid pro- 
tected against weight losses but a mild degree of 
biotin deficiency (loss of the guard hairs) was seen 
The leucopcnia and granulocy topcnia occasioned by 
a lack of “folic acid’’ and the increased prothrom- 
bin time ascribablc to a deficiency in vitamin K 
which occur following the feeding of sulfa drugs 
were not observed The coliform and total bacterial 
counts showed an initial decrease but returned to 
normal after 10 to 12 day s on test 

The effect of folic acid on the blood picture in 
human macrocytic anemia. Ghace A Goldsxuth 
Dept of Medicine, Tulanc XJniv School of Medi- 
cine, New Orleans, La, Folic acid (synthetic L 
casei factor) was adnumstered orally and paren- 
terally to persons with permcious anemia, sprue 
and nutritional macrocytic anemia The number of 
reticulocytes in the blood increased within 3 to 7 
days after therapy was instituted followang which 
there was a gradual rise in the percentage of heiro- 
globin and in the total erythrocyte count The 
hematocrit reading increased markedly in all in- 
stances When the imtial leukocyte count wus low 
this rose to normal during therapy and the per- 
centage of granulocytes increased Improvement m 
the blood picture was accompamed by marked im- 
provement in the general condition of the patient 
Folic acid had no effect on hematologic findings m 
either aplastic or familial hemolytic anemia Folic 
acid appears to be a potent anti-anenuc factor for 
man and may be closely related to the erythrocyte 
maturing principle of liver w hich is effective m the 
treatment of pernicious aneima 

Some effects of dietary oxalate on the teeth o 
white rats * Ross A Gohtneh, Jb (by invitation) , 


1 The material in this article should be construed only as t e 
personal opinion of the writer and not ns representing the opm 
ion of the Navy Department oSBciaUy 
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J S R^sT^nsKt (In inMtntion) and C M McCa.i 
jVoinl iUrdicnl llacnrch Inst , l}clhcsda,Md Prc- 
Mous sludio'5 haNc shown that limited amounts of 
dilute acid hc\cnE:cs (citric, lactic, phosphoric, 
etc ) of pll 2 G cause pross damage to molars of rata 
vnthin one w cck Since o\alic acid is present in sig- 
nificant amounts m certain foods, eaperiments were 
undertaken to compare its effects with those of 
other acids on the teeth of rats 

Using o\alic acid solutions of aainoua strengths, 
e\cn the most and (pH 2 1) failed to etch the 
enamel of rats drinking 20 ml daih for two weeks 
Instead a thin, opaque deposit appeared oaer the 
eMXjscd portions of the molars, licing most promi- 
nent near the pnp\-al margin on the lingual sur- 
faces Either oxalic acid or sodium oxalate, in the 
feed or dnnk, was capable of causing this encrusta- 
tion In general, the longer the animal reccixcd the 
oxalate and the greater the concentration, the 
greater the extent of deposit In some respects this 
deposit grosslj resembled human dental calculus 

^Mien small amounts of oxalic acid or sodium 
oxalate were added to solutions of citric or phos 
phone acids, the dccalcifjing properties of these 
acids, tn rito, was reduced Orange juice had no 
effect on the teeth of rats oxer a two xxcek period 
when the oxalate concentration reached approxi- 
matclj 0 10 per cent A spinach diet, calculated to 
contain about 0 5 per cent of oxalic acid, formed no 
tooth deposit and was incffectixc in protecting the 
teeth of rats from citric or phosphonc acid bever- 
ages, presumablj because the oxalate was largelj 
combined as insoluble calcium and magnesium 
salts 

The failure of Bkclctnl calcification produced 
by high lactose diets and by simple caloric restric- 
tion Philip Handler (introduced bj W J Dann) 
Dept of Biochemistry, Dul c Univ School of Medi- 
cine, Durham N C lYeanhng rats fed a standard 
“synthetic” ration in which the sucrose was re- 
placed by lactose, galactose or glucose -f- galactose 
all died within 16 days When similar diets were fed 
to somewhat older rats (imtial weight 125 grams) 
they surxnved for sex eral months but failed to grow 
During this period they excreted an acid unne of 
extremely high calcium and phosphate content al- 
though serum calcium, phosphate, lactic acid and 
bicarbonate levels were all normal Despite the 
abnormally great calcium absorption from the in- 
testine, there xvas a complete failure of skeletal 
calcification The follownng expenment was per- 
formed to determine whether this failure was the 
result of an inhibition of normal calcification 
mechamsms by circulating lactose or galactose or a 
non specific phenomenon associated wath gen- 
eralized groxvth failure Two control groups were 
fed sucrose contaimng diets in which the salt mix- 
ture and cod liver oil were present in twice stand- 
ard concentration and in one of which the protein 
concentmtion xvas also doubled Then the food in- 


take of both groujis was restricted to one half that 
of the controls Neither group gamed any weight 
oxer a period of G weeks and in both groups there 
xxas almost complete failure of calcification 
Tissue lipids in child with chylous ascites main- 
tained on low fat diet ArildE Hansen and Hilda 
F WiEsr (by invitation) Dept of Pediatrics, 
Univ of Texas School of Medicine, Galveston A 
diet xery low in fat, but otherwise adequate, was 
gixen to a 3 week old child with chylous ascites 
and continued until the age of 23 months Clinical 
observations indicated that growth and develop- 
ment were quite satisfactory, however, he seemed 
more susceptible to respiratory tract infections and 
had more dilTiculty with the skin (prolonged im- 
petigo, prickly heat, and eczematous patehes) than 
the ordinary infant There were no evidences of 
severe mnlnutntion although he nexer appeared to 
a robust child Periodic fat absorption studies re- 
xcalcd that fat was not absorbed directly into the 
blood stream but accumulated in the peritoneal 
cavity Scrum lipid analyses showed essentially 
normal values for cholesterol, cholesterol ester, and 
the fatty acids m the acetone soluble and acetone 
insoluble fractions The low iodine number of the 
fatty acids suggested that highly unsaturated fatty 
acids were not synthesized by this child The pa- 
tient died during anesthesia when an attempt was 
made to transfer the internal saphenous vein to the 
peritoneal cavity Histologic study of the tissues 
was without significant findings, the kidney struc- 
ture particularly showed no pathologic changes 
Lipid analyses were made of the skin, body fat 
depots, muscle, and lix er and the results compared 
wath those of a 19 month old child who also died 
during anesthesia No sigmficant differences xxere 
found in the degree of unsaturation of the fat in the 
tissues examined in spite of the low iodine number 
of the serum fatty acids and the prolonged mainte- 
nance on a diet contaimng about one gram of butter- 
fat daily Tissue lipid analyses made on dogs sub- 
sisting on diets containing 0 13% butterfat and 28% 
of lard for relatively longer periods (6 mos to 
2 yrs ) showed differences in the degree of unsatu- 
ration of the fat in these same tissues [This study 
was made possible by a grant from the National 
Live Stock and Meat Board ] 

Ascorbic acid and dehydroascorbic acid in raw 
carrots as prepared for table use Elizabeth M 
Hewston (by inxntation) and Elsa Ohent-Keiles 
Bureau of Human Nutrition and Home Economics, 
U S D A , Beltsmlle, Md Because carrots are fre- 
quently eaten raw as strips or grated or shredded 
in salads, a study was made of the effect on the 
ascorbic acid content of different preparation pro- 
cedures These procedures involved varying the 
extent of carrot surface exposed to the air, the type 
and composition of the cutlery used, and the length 
of time the prepared carrots were held before 
serxung 
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Carrots were prepared in quarters and strips by 
means of plastic and stainless steel knives , in chips 
and strings by tno types of stainless steel graters 
and in shreds by a plastic grater Analjscs were 
made immediatelj' following preparation on some 
of the samples Holding times of one hour were 
studied for all treatments and of three and five 
hours for the strings 

Ascorbic acid was determined bj indophcnol 
titration, “total” ascorbic acid following reduction 
with hydrogen sulfide, and dehydroascorbic acid 
by difference 

Results indicate that the amount of cut surface 
exposed to air is the most important of the factors 
studied in relation to retention of ascorbic acid 
Conversion of reduced to dehydroascorbic acid at 
cut surfaces is almost instantaneous following hj a 
slow oxidation of dehydroascorbic acid with time 
[Tilts research was done as pari of a project sup- 
ported by an allotment made by the Secretary of Agri- 
culture from Special Research Funds (liankhcad- 
Jones Act of June 29, 1956 ) ] 

Hand sweat values in the calculation of chloride 
and nitrogen balance under conditions of hard 
work in humid heat MARCAncT W Johnston, 
Jerome W Conn, Laurence H Louis (b}-- invita- 
tion) and Bettv F Steele (by invitation) Nutri- 
iion Laby , Umv of Michigan Medical School, Ann 
Arbor, Michigan (Read by title ) In men fully 
acclimatized to humid heat and w orking sufficiently 
hard to produce 5 to 10 liters of sweat/24 h, reason- 
ably accurate balance studies for chloride and ni- 
trogen can be made when the averages of the daily 
concentrations of these substances in hand sweat 
are used to represent their concentrations in total 
body sw'eat for the period 

Chloride Balance Given sufficient chloride in 
the diet to insure chloride equilibrium under the 
conditions outlined above one can predict what the 
average concentration of chloride in body sweat 
should be for the period studied by applying the 
following formula 

Total chloride intake — Total urinary chloride 
Total sweat volume 

When the predicted value for concentration of chlo- 
ride in all of the body sweat produced in the period, 
is compared with the determined value (average of 
daily hand sweat chloride concentrations for the 
period) good agreement is obtained The following 
are typical examples 


Period of study 

Total sweat chloride 
cone predicted 

Hand sweat chloride 
cone determined 

days 

mEq /{tier 

mEq /Ifltr 

17 

42 

43 

3 

41 

39 

13 

16 

15 

10 

23 

24 

e 

19 

17 


Analjsca for sodium indicafo a pamlicl rela- 
tionship 

Nitrogen Balance Bj the same reasoning the 
predicted value for the concentration of nitrogen 
in total liodj sweat for the period studied is ob- 
tained bj means of the following formula 

Total N intake — (Urine N -b Stool N) 
Total sweat volume 


Agreement between the predicted and the deter- 
mined value (average of dailj hand sweat nitrogen 


Period of study 

Total sweat nitroren 
cone predicted 

Hand sweat nitrogen 
cone determined 

days 

[rams/liler 

irans/ltUr 

C 

0 6S 

0 59 

7 

0 47 

0 46 

s 

0 27 

0 29 

D 

0 25 

0 29 

13 

0 42 

0 45 

15 

0 32 

0 29 


concentration for the period) is good [Horl done 
under contracts with (1) The Office of Scientific Re- 
search and Dciclopinent, National Research Coun- 
cil, Washington, D C , and (2) The Lnilcd States 
Army, Office of the Surgeon General, Washington, 
D C ] 

A slud> of the influence of various dietary defi- 
ciencies on the response of mice to the virus of 
Poliomjdlitis James H Jones, Claire Foster 
(by invitation) and Werner Henle (by invita- 
tion) Depts of Physiological Chemistry and Pedi- 
atrics, Univ of Pcnnsyhania, and Children's Hos- 
pital of Philadelphia, Philadelphia, Pa It has 
been shown previously that either a dietary defi- 
ciency of vitarmn Bi or partial starvation increased 
the resistance of mice to the murine adapted Lans- 
ing strain of poliomyelitis virus By using the 
paired feeding technique it was found that the 
vitamin deficieney exhibited a greater protection 
than did the restriction of food intake, indicating 
that the effect of the vitamin deficiency could not 
be entirely due to the inamtion 

Following these observations the effect of seve^ 
other deficiencies, including that of the vutamin a 
complex, protein, and tryptophane, has been stu 
led After fairly marked deficiency symptoms were 
manifest the ammals were inoculated intracere 
brally with an amount of virus that would produce 
paralysis and death in about 80% of the ammals on 
a complete diet In the case of each of the above 
three deficiencies total deaths were 80% or more 
within 28 days after inoculation when the experi 
ments were discontinued Incidence of para ysiB 
varied from over 60% to more than 80% 
the deaths were due to the deficiencies as indica e 
by numerous deaths in corresponding groups on 
deficient diets but injected with a suspension <5 
umnfected brain There was no conclusive evidence 
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that a doficicncj of tho Mtnniin Bj complex, pro 
tcin, or tr\ptophanc either Eignificantlj increased 
or decreased the resistance of mice to tho airus of 
polioni\ clitis I tided br/ a grant from the National 
Foundation for Infantile Parolgsis, Inc ] 

Further ohscrvntions on choline and related 
compounds in nutrition T II Juki s, A C DonN- 
DUsii (bj invitation) and J J OnrsoN (hj invita- 
tion) Lcdcrlc Labii , Pearl Rttcr, N 1 Tlie iiutri 
tional eflccts of various compounds related to 
choline were studied with clucks and with the 
"cholinelcss” mutant (No 344SC) of Ncurospora 
crassa 

Blicn compared with choline on a molar basis tho 
activ it> of some of tho compounds in promoting the 
grow th of the A curospora mutant was found to varj 
somewhat at dilTercnt levels Tho grow th stimu- 
lating power of betaine, anunoothanol or methio- 
mno for this mutant was not increased bj using 
combinations of aminocthanol and betaine, or 
aminoethanol and methiomno 
Thiamine in parboiled nee M C Kik Univ of 
Arkansas, College of Agneulturc, Fayetteville 
Samples of rough nee were parboiled bj boiling, 
steaming, soaking and steaming Tlio samples were 
dned, shelled, milled to approvimatelj 10% bran 
removal and assaj cd for thiamine (Bi) (Expressed 
in micrograms per gram) 

Boiling (5-10 min ), Bi 2 13-2 CC 
Steaming (10-30 min ), at 5 lbs pressure, Bi 
3 00-2 57 

Steaming (5-20 imn ), at 10 lbs pressure, Bi 

1 00-2 15 

Steaming (5-20 min ), at 15 lbs pressure, Bi 

2 70-2 45 

Steaming (5-15 min ), at 20 lbs pressure, Bi 
2CS-2^ 

Soaking 15 hrs at room temp (27°) steaming (5- 
40 min ) at 15 lbs pressure, Bi 2 48-2 OS 
Soaking 45 hrs at room temp (27°) steaming 
(10-30 min ) at 15 lbs pressure, Bi 2 50-2 10 
Soaking (2-36 hrs ) at 35 °C steaming 10 mm at 
15 lbs pressure, Bi 1 70-3 60 
Soaking (2-24 hrs ) at 60°C steanung 10 mm at 
15 lbs pressure, Bi 1 77-2 24 
Soaking (1-6 hrs ) at 70°C steaming 10 mm at 
15 lbs pressure, B, 1 17-3 20 
Soaking 2 hrs at 70 °C steanung (5-20 mm ) at 
15 lbs pressure, Bi 2 94-2 78 
Soaking (0 5-3 hrs ) at 80°C steanung 10 mm at 
15 lbs pressure, B, 2 20-3 60 
Soaking (10-60 nun ) at 90iC steaming 10 mm 
at 15 lbs pressure, Bi 2 20-3 20 
Soaking 6 hrs at 40/C steanung for 15 nun at 
15 lbs pressure (Malekized process) Bi 2 00 
According to rice conversion with vacuum Bi 
2 48 Without vacuum B, 2 35 Bi was partly 
destroyed when exposed for over 20 nun to 15 
lbs pressure 

Steanung of paddy greatly reduced breakage due 


to shelling and bran removal [Aided by a grant 
from the WilliamsAVatcmian Fund of Research 
Corporation ] 

Thiamine In soaked rice M C Kjk, Univ of 
Arkansas, College of Agriculture, Fayetteville 
(Rend bj title ) One hundred gram samples of 
rough rice (thiamine content 3 00 pg ) and of brow n 
rice (thiamine content 3 30 pg ) were soaked for 
different lengths of time at room temperature 
(27°C ) in 150 CC of distilled water and dried 
Rough rice was shelled and these shelled rough nce 
samples and the brown rice samples were milled to 
approximately 10 per cent bran removal All sam- 
ples were assaj ed for thiamine Tho results are 
presented below 


TJ-pc ot rice 

Time of i 
soakmg 

Average 

Ihbmme 

content 

Loss of 
thiamine m 
steep water 


hours 

pi /tram 

per cent 

Brown 

0 

0 ii 


Brown 

8 

1 03 

10 00 

Brown 

12 

1 08 

14 24 

Brown 

24 

0 01 

16 SO 

Brono 

30 

0 70 

10 00 

Bough 

4 

1 35 


Bough 

8 

1 03 

1 30 

Bough 

12 

1 12 

4 04 

Bough 

16 

1 60 


Bough 

zt 

1 37 

2 03 

Bough 

30 

1 63 

1 80 


These data show that soaking of rough nce and 
brown nce has a favorable effect on the thiamine 
content of nce in the nulled state 
Rough nce soaked in water lost small amounts of 
its thiamine content in the steep water while losses 
for brown nce amounted up to 16 00 per cent after 
36 hours of soaking [Aided by a grant from the 
Williams-Waterman Fund of Research Cor- 
poration ] 

The nutritional status of school children m 
Mexico City ErnestE Lockhart (by invitation), 
Francisco de P Miranda (by invitation) and 
Robert S Harris Nutritional Biochemistry 
Laby , Mass Inst Technology, Cambridge and Na- 
tional Inst of Nutrition, Mexico The nutntional 
status of 500 girls and 500 boys, 6 to 14 j ears old and 
living in the poorest distnct of Mexico City was 
measured Blood cell volume, hemoglobin, plasma 
ascorbic acid, and serum albumin were estimated 
The bionucroscope was used in an attempt to meas- 
ure the extent of avitaminosis A and anbo- 
flavanosiB 

43 5% were below 14 grams % hemoglobin, 33 7% 
were below 40% blood cell volume, 1 6% were be- 
low 4 0 grams % serum albunun, 38 4% w ere below 
0 5 mgms % plasma ascorbic acid, 32% showed 
three or more arcades in the cornea, and 57% 
showed marked translucency of the conjunctiva 
Compared with an earlier study (J Am Diet 
Assocn 19 182, 1943) on 760 middle class children 
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in Michigan conducted by the same rcBcarch group 
and using the same techniques, the Mexican chil- 
dren show evidences of a superior nutritional 
status, except for hemoglobin values 
Growing a diet deficient in certain elements bj 
hydroponics, J F McCi LNooNand Wm C Fostiu 
(by invitation) Hahnemann Medical College, 
Phila Elements unessential for plants mav be 
eliminated from animals’ diet by groising plants in 
solutions free from them A tank of 2 x 12 ft sur- 
face, holding 200 liters requires at least twice dur- 
ing summer 60 grams potassium phosphate, 100 
calcium nitrate, 125 potassium mtrate, 50 magne- 
sium sulfate and 25 ammonium sulfate, dissoKcd 
separately When fluorine (for instance) is to be 
eliminated, 95% of the potassium phosphate is 
mixed wnth 5% of the calcium nitmtc (and the 
potassium mtrate) causing a precipitate of apatite 
The remainders of the potassium phosphate and 
calcium nitrate are mixed to form a second precipi- 
tate The first mixture is filtered into 2 5 cc con- 
centrated sulfuric acid and the second mixture 
poured on the same filter, followed by the magne- 
sium and ammomum sulfates The filtrate is di- 
luted to 200 liters with deanionized ram water and 
the pH adjusted to 4 5 (with thymol green) in the 
tank To this is added 1 cc of 30% ferrous sulfate 
daily Manganese and boron should bo added but 
zinc and copper may already be present Corn, soy 
beans, sunflowers, alfalfa, clover and rice were 
grown in tanks covered with aluminum foil and 
aerated through porous carbon tubes Sodium glu- 
tamate IS added to diets deficient in chloride and 
sodium chloride to those deficient in other halogens 
Potassium chloride is added to diets deficient in 
sodium 

Studies of L casei factor (“folic acid”) m 
macrocytic anemias Carl V Moore, Olga S 
Bierbaxim (by invitation), Robert W Hemle (by 
invitation) and Arnold D Welch Schools of 
Medicine of Washington Univ , St Louis, and 
Western Reserve Univ , Cleveland, and their Asso- 
ciated Hospitals Spies, et al and Moore, et al 
have reported that synthetic L casei factor pro- 
duces dramatic remissions in permcious and ether 
macrocytic anemias Our findings indicate that 
either oral cr parenteral admimstration is effective 
and that incubation with gastric juice does not 
render oral doses (10 mgm ) more effective Despite 
the similarity of the clinical response to that in- 
duced by liver, the synthetic factor appears to have 
less activity, on a w eight basis, than that reported 
for certain liver fractions Incomplete studies of 
the mimmal effective parenteral dosage suggest 
that 5 mgm or more daily are reqmred to induce a 
maximal hemopoietic response In one patient, rec- 
tal adrmmstration (100 mgm daily) produced a 
nearly maximal effect , subsequent oral admimstra- 
tion of the same dose produced a secondary 
response 


One subject, with findings charactcnslic of per- 
nicious anemia, showed only slight reticulocyte 
responses during siicccssixc 10 day periods of daily 
injections of 1, 0 and 12 mgm , respectively The 
erythrocyte count and hemoglobin level have in- 
creased slightly , in keeping with the small rcticulo- 
cyte responses Additional tests are now in prog- 
ress, prior to determining the rcsjKinsc to liver 
extract 

A study of the possible occurrence of relapses, 
despite the continued administration of the syn- 
thetic factor, IS in progress 
The gastric intrinsic factor of Castle docs not 
appear to be concerned directly with the release of 
free folic acid from its naturally occurring con- 
jugated forms, the amount of L casci factor in 
yeast extract was not increased by inculiation with 
neutrahred normal human gastric jiiicc 
Carbohydrate metabolism of ribofiavin-dcficient 
dogs Aoms Fax Morgan, Marx Groodx (by 
invitation) and IIhfn E Axelrod (by invita- 
tion) Laby of Home Economics, Univ of Cali- 
fornia, fieri clcij (Read by title ) Ten young dogs 
of three litters were fed from weaning a punfied 
diet of 45 8 or 18 per cent casein content with ade- 
quate vitamin supplements or lacking only nbo- 
flavin Four of these animals were given all the 
vitamins and six w ere dcpriv cd of nboflavin Blood 
analyses were made at regular intcrvoils and glyco- 
gen determinations on sacrifice The growth of the 
two deficient dogs given the lower protein diet was 
markedly impaired as compared with the four on 
the high-protein diet Acute deficiency symptoms 
occurred after 184 and 188 days in the former and 
after 196 to 307 days in the latter The drop m 
hemoglobin was more marked in the high-protein 
group and was followed by dehydration possibly 
due to pylorospasm in the terminal stage The glu- 
cose tolerance of the deficient dogs was much re- 
duced The deficient animals suffered coma and 
hypoglycemic convulsions with extremely low 
blood sugars in the fina l stages The livers were 
found to contain 15 to 24 per cent fat and prac- 
tically DO glycogen The heart and muscles had 
normal glycogen content The adrenals were with- 
out exception severely hemorrhagic and the spleens 
were much reduced in size [Supported by a grant 
from The Nutrition Foundation, Inc ] 

Further studies on the availability to human su 
jects of thiamine from yeasts Helen T Ness (by 
invitation), Fung H Fung (by invitation) an 
Helen T Parsons Dept of Home Economics, 
Univ of Wisconsin, Madison Feeding certain 
viable compressed bakers’ yeasts to human su 
jects in this laboratory has sharply reduced uri 
nary thiamine and lowered body stores, presuro 
ably by removal of thianune from ingested oo s 
and failure to release it for absorption 

Compressed yeasts wnth concentrations of s® 
contained’’ thiamine (i e absorbed or synthesize 
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from nulncnt media dunnp; propapalion) of 5, 10 
nnd 25 ;ig per pram' failed to release thmmino and 
reduced that absorbable from the food Yeasts of 
hiphor content comparable to the following senes 
are bcinp tested 

Tins senes of ^ casts had) besides "self con- 
tained’’ thiamine, aarMng additions of thiamine 
b.i mechanical mixture after propagation, total- 
ing 25 to 250 ng per pram' in a range of from equal 
proportions of the two tjpes of thiamine to ten 
times ns much thiamine added mechanically ns was 
"self contained ’’ Urinarj thiamine remained uni- 
form or fell onh slightlj on supplements of the less 
fortified X casts, but rose significantly on the more 
highlj fortified 

In general there seems to be a trend for mechani- 
cally fortified J easts to jicld thiamine more 
thoroughlj the greater the fortification, although 
axailabihtj did not show complete correlation 
xnth thiamine concentrations The general trend, 
if confirmed, maj indicate that added thiamine is 
mainlj adsorbed outside the cell, or is held more 
looselj in the cell protoplasm, it has been estab 
lishcd that retention is not a function of the de- 
gree of phosphor} Intion 

Gradations of injurj to the coll bj healing or 
drying resulted in increased availabilitj of 
thiamine, roughlj correlated with the degree of 
loss of viabihtj from injurj or mth case of release 
of thiamine in t’liro into the supernatant 
Riboflarin excretions and test dose returns of 
young women during periods of positirc nnd nega- 
tive nitrogen balances Helen OnDnaM (by invi- 
tation), EuzABETn Lounds (bj invitation) and 
Thelma PotiTEH Dept of Home Economics, Umv 
of Chicago, Chicago, III Three young women were 
maintained on weighed diets for three periods of 
ten dajs each Daily nitrogen intakes were low 
(approximate!} 5 grams) in period I, high (19 
grams) in period II and low (5 grama) in period 
III, while daily riboflavin intakes were kept rela- 
tive!} constant at 1 0 to 1 4 mg Urinary riboflavin 
and nitrogen excretions were determined daily, 
the amounts in food and feces on individual 6 day 
composites Daily nitrogen balances were calcu- 
lated by subtracting daily urinary excretions and 
average daily fecal excretions from average daily 
intakes 

Daily urinary excretions of riboflavin varied in- 
versely with the nitrogen intakes, averaging 372, 
124 and 255 y respectively on nitrogen intakes of 
6, 19 and 5 grams This occurred even though the 
riboflavin intake was higher during the period of 
high mtrogen intake 

The majonty of the nitrogen balances were 
negative (av , —11 gram) on the 6 gram intake 
and all were positive (av , -1-5 4 grains) on the 
19 gram intake Daily urinary riboflavin excretions 
averaged 407 ■y during the days when the subjects 

^ On moist basts 


were in negative balance (1 0 gram or more) and 
123 y during those when they were in positive 
balance (1 0 gram or more) 

Tins suggests that riboflavin and reserve pro- 
tein arc closely connected, that riboflavin is 
released when reserve protein is depleted and 
stored with it when it is replenished 

Riboflavin test dose returns, measured before 
the stud} began and nt the end of each period, in- 
creased progressively on these intakes The pos- 
sible significance of this will bo discussed 

Dietary prolein nnd porphyrin metabolism In the 
rat JamesM Oiiten nnd Judith MACKETifELLEn 
(by invitation) Dept of Physiological Chemistry, 
Wayne Untv College of Medicine, Detroit A study 
was made to determine the effect of a synthetic 
diet low in protein (3 5 per cent casein) but ade- 
quate in all other respects on the fecal excretion 
of protoporphyrin in the rat Control rats were 
fed the same diet but with the level of casein in- 
creased to 22 5 per cent 

The porphyrin content of the feces was quan- 
titatively determined by a modification of 
Watson’s method for protoporphyrin in erythro- 
C} tcB Hemoglobin detorminations were made by 
an acid-hcmatm method at regular intervals dur- 
ing the 16 week period of observation 

The porphyrin excretion of the low protein rats 
was consistently less than that of the control 
animals when calculated either as micrograms of 
protoporphyrin per day or per 100 grams of body 
weight, but the excretion was somewhat greater 
when expressed as micrograms per gram of dietary 
protein ingested The porphyrin excretion of the 
low-protein rats decreased progressively during 
the experiment while the usual chrome anemia 
developed 

If protoporphyrin excretion is an index of por- 
phynn synthesis, these data indicate that dietary 
protein serves as a precursor of the porphyrin 
nucleus in the rat and that porphyrin formation, 
like hemoglobin formation, has a high “priority 
rating” for available protein in the organism 

The pantothenic acid content of tissues of the hen 
as influenced by diet P B Pearson and V H 
Meeass (by invitation) Texas Agncnllural Ex- 
periment Station, College Station Mature hens 
were fed diets contaimng 385 yg and 1575 fig 
of pantothenic acid per 100 grams of feed After a 
period of not less than one year on the experi- 
mental diets, samples of blood were taken from 
individual hens and pantothemc acid assays made 
on the whole blood, plasma and cells The average 
values expressed in micrograms per 100 ml are 
given below 


Fantotbenic ftcid in diet 

Blood 

Plasma 

Celia 

1575 PS /lOO grams 

iZ 6 

51 6 

21 9 

385 pg /too grama 

20 0 

1 

20 0 

1 

13 Q 
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From these data it is apparent that the level 
of pantothenic acid in the nholc blood, plasma and 
cells of the chicken is definitely influenced by the 
amount in the diet On an adequate level of panto- 
thenic acid in the diet the amount in the blood and 
plasma is more than double that for hens on a low 
intake of 385 ag per 100 grams of feed Tlic per- 
centage of cells in the blood was not affected bj 
the level of pantothenic acid in the diet 
Hens on the two levels of pantothenic acid w cro 
killed and pantothenic acid assajs made on the 
liver, leg muscle (gastrocnemius) and breast 
tissue The amount of pantothenic acid in the 
tissues was definitely influenced by the amount 
ingested by the hen The amount of pantothenic 
acid in the tissues of the hen fed an adequate level 
IB significantly higher than in corresponding tis- 
sues of herbivorous animals 
Availability to human subjects of riboflavin from 
yeasts Echo L Price (by invitation), Mona M 
Marquette (by invitation) and Helen T 
Parsons Dcpl of Home Econonucs, Univ of 
of Wisconsin, Madison (Read by title ) In tests 
paralleling thianune studies, four samples of 
viable, compressed yeast containing circa 15 ag 
of riboflavin per gram of moist yeast failed to re- 
lease this vitamin for absorption, this agreed with 
the results on thiamine However, unlike the im- 
mobilization of thiamine of the food mivturcs by 
these live yeasts, the utilization of riboflavin w as 
not interfered with, since urinary outputs of the 
human subjects were uniform during the basal 
and yeast-supplemented periods 

When the viability of these four yeast samples 
was destroyed by brief heat treatment prior to 
ingestion, the riboflavin was available to the 
human digestive tract for absorption as the thia- 
imne had been Apparently the tenacity of the 
living yeast cell to withhold these vitamins 
from absorption was abolished by destroying the 
viability of the yeast cell 

Feeding a type of viable, compressed, fortified 
yeast in which only one-tenth of the riboflavin 
present in the sample was produced by the cell 
during propagation, showed that the riboflavin 
was so largely available for absorption that de- 
struction of the viability of the cells yielded no 
measurable increase in the availability of 
riboflavin 

The difference in susceptibility to interference of 
the absorption of riboflavin and thiamine in the 
presence of live yeast cells is in accord with their 
fate in the brewing of beer Practically all of the 
riboflavin except that synthesized by the yeast is 
found in the wort, whereas large amounts of 
thiamine pass into the yeast cells from the wort 
leaving little in the beer 

Metabolism of ascorbic acid by guinea pigs 
Mart E Reid (introduced by Helen T Parsons) 


Du’inon of Phystotogy, Kaltonnl Jnsl of Ilcallh, 
Hclhcsda 14, Md Three week old guinea pigs of 
an inbred strain were placed in metabolism cages 
and fed a pelleted diet lacking ascorbic acid but 
otherwise presumably complete Fnc milligrams 
of ascorbic acid per 100 grams of body weight were 
injected daily The urine was collcelcd in mela- 
phosphoric acid Determinations of the amount 
of ascorbic acid excreted were made daily by the 
indophcnol titration method and once per week by 
the osazonc method of Roc and Kucthcr 

There was little difference in the excretion 
values obtained by the two methods The output 
per 100 grams of body weight increased from an 
n\crngc value of 0 50 mg for the 4 to 8 weeks age 
period to 1 05 mg in the almost full-sized animals 
G months old With each break in the growth curve 
there tended to be an increase in the amount of 
the vitamin excreted 

Preliminary tests have also been conducted to 
determine if the vitamin is used up in adult ani- 
mals during wound healing Skin wounds 10 cm 
long were made down the center of the backs of 8 
animals, the cut edges being fastened together 
with skin clips Daily determinations were made of 
the ascorbic acid evcrclcd during (I) the 10 days 
previous to wounding, (2) the 10 days of wound 
healing, and (3) the 10 day s following wound heal- 
ing The results showed a 15% depression in ex- 
cretion by the indophcnol method and 22% by the 
osnzono method during the second penod Values 
for the third penod were approximately' the same 
as for the first period 

Diet of mother and hydrocephalus in infant rats 
L R Richardson and A G Hogan Dept of 
Agricultural Chemistry, Univ of Missouri, 
Columbia The 230 female rats in Group 1 received 
Diet I, composed of casein 30, ccrelose 52, woo 
pulp 3, lard 10, and salts 5 Each 100 grams of e 
ration contained 3000 I U of vitamin A, 425 
of vitamin D,2 5 mg each of alpha-tocophero an 
of 2-methyl-l, 4-naphthoquinone, 1 mg cac 
thiamine, riboflavin, and pyndoxine, 4 mg o 
calcium pantothenate, 5 mg of nicotinic act , 
mg each of choline, inositol, and p-aminobenzoi 
acid, and 20 meg of biotin The 54 j 

Group 2 received Diet II, a mixture of Diet a 
an eluate of a fuller’s earth adsorbate o a i 
extract A total of 1756 young in Group 1 
at the weaning age of 28 days and , 

there were 30 which developed 
between the ages of 10 and 24 days Of 
only 2 survived as long as 28 days A tota Q 
young in Group 2 survived until they 
and several thousand young w'ere reare ' 
stock colony, with no indication of ig 

The data indicate that the abnormality is 
a deficiency of an unidentified nutnen , w ^^^2 
present in the liver eluate and in many n 
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foodstufTs It 18 BupRcstcd that h> drocophalus m 
other inimnls, including man, mnj bo duo to nn 
inadequate diet 

Nutrition suncy in Puerto Rico Una L Rodin- 
SON* and Rv\i6\ M Sutnrz (introduced b> 
Marianne Gocttscli) Antntion Rtscarch Laby , 
Dept of Mcdxcinc, School of Tropical Medicine, 
San Juan, Puerto Rico One hundred and ten 
subjects 11 ere studied Nutritive values for SO 
weighed diets were calculated Determinations 
were made for hemoglobin and red blood cells, 
plasma vntamin A, carotene and ascorbic acid, 
urinary thiamine, riboflavin and Fi factor Stools 
were cvamincd for intestinal parasites Physical 
evaminations were made for clinical ev idonces of 
malnutrition 

Using 70 per cent of the National Research 
Council’s recommended allowances as a minimum 
for adequate nutrition, the following percentages 
of Uve ^opiiltAvow were below the TeeoTMV\et\ds.tvow 
for caeli nutrient calorics S7, protein 94, calcium 
95, iron 65, vatamin A 95, thiamine S7, riboflavin 
97, macin 55 and ascorbic acid 73 

Blood and urine analyses showed that the follow- 
ing percentages of the people had critically low 
levels for the vanous constituents 31 for hemo- 
globin, 31 for rod blood cells, 82 for v itamin A, 84 
for carotene, 63 for ascorbic acid, 37 for thiamine, 
S3 for riboflavin and 78 for Pj factor Forty three 
per cent had hookworm, although its presence did 
not necessarily coincide wath low hemoglobin 

There was some correlation between physical 
findings and dietary and biochemical evidences 
By Baldwan-Wood and Life Insurance tables, 31 
per cent were 10 to 30 per cent underweight, ab- 
normal tongues were found in 35 per cent, con- 
junctival changes, including Bitot’s spots in 98 
per cent, hy^perkeratosis and other skin mani- 
festations in 60 per cent, active or healed cheilitis 
in 15 per cent, bleeding and/or spongy gums in 
77 per cent 

Utilization of thiamine and riboflavin by lactating 
women Chaklottb Roderuck (by invitation), 
Harold H Wiliiams and Icie G Mact Research 
Laby , Children’s Fund of Michigan Healthy 
multipara who had successfully nursed their 
children cooperated in the study of thiamine and 
riboflavin utilization during their first ten days 
postpartum and five day studies during the period 
of mature milk production Five day composites 
of the food "as eaten,” twenty-four hour collec- 
tions of breast milk expressed manually, and 24- 
hour unne samples were analyzed 

Calorie and nboflavin intakes approximated 
the Recommended Allowances for lactating 
women, but thiaimne intakes were 35 to 45% lower 
However, the status of all subjects with respect 


* On le»ye from Indiana TTmverwty 


to thiamine and riboflavin was satisfactory, as 
was indicated by the 24 hour unno excretions and 
by hourly excretions in fasting samples 

Eighteen per cent of the thiamine consumed 
appeared in the milk and urine during the first 
five days postpartum, 23% during the second five 
days and 30% during mature milk production In 
the same periods, riboflavin output was 49, 88 
and 52% of the intake 

Supplementation of the diet with thiamine, 
raising the intake from 1 3 mg to 13 mg per day, 
increased the concentration of thiamine in the 
milk 62% and the excretion in the urine thirteen 
times Combined, the percentage in milk and 
urine was similar before and after supplementa- 
tion, 30 and 34%, respectively Increasing ribo- 
flavin intake about five times caused parallel 
increases in the riboflavin in the milk, but larger 
increases in the amounts in the urine raised the 
total output from 52 to 74% of the intake 

Vitamin B, Bioassay P S Sarma (introduced 
by C A Elvehjem) Dcpl of Biochemistry, Vniv 
of H’lseonstn, Madison The bioassay for vitamin 
B« using the rat ns the experimental animal meas- 
ures the total activity of the vitamin in any 
natural material and may be due to pyndoxine, 
pyridoxanuno, pyndoxal and possibly other re- 
lated compounds The methods employed to date 
have not been entirely satisfactory since the basal 
diets have contained crude preparations of liver 
concentrates, which contributed a small but van- 
able amount of vitamin B, The diet has now been 
simplified to a considerable extent by the addition 
of some of the newer vitamins in pure form and 
consists of sucrose 75%, fibrin 18%, salts IV 4%, 
corn oil 3% together with all the vitamins except 
vitamin B, supplied in adequate amounts Fibnn 
was chosen instead of casein as the source of pro- 
tein since it was found that the growth on the 
deficient diet containing the latter was influenced 
by the presence of biotin and inositol For assay 
purposes, weanling rats were depleted for two 
weeks on the deficient diet and then placed on 
diets containing known amounts of vitamin Bj 
and the materials to be investigated Values ob- 
tained by this method check well wmth those ob- 
tained by the yeast — Saccharomyces carlsbergensis 
method in the case of many foods but the values 
obtained for yeast and liver extract are higher by 
the rat assay than by the yeast assay 

The substitution of dextrin for sucrose in the 
basal ration was found to cause a marked growth 
increase in rats kept on the deficient diet Results 
obtained from xanthuremo acid excretion studies 
and from the growth of rats on dextnn rations con- 
taimng lard or sulfaphthalidine indicate that 
vitamin B, is produced in the intestinal tract and 
utilized by the rat 

The eflects of copper on liver tnmor induction 
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by p-dimcthjlnminoazobcnzcnc Gi oitoF II 
SnARPLESS DcpL of Labys , Henry Ford Hospital, 
Detroit In a study of trace elements nhich may 
influence the formation of In or tumors in rats 
fed p-dimethylaminoarobenzeno (butter-yellow), 
it has been observed that an increase in dictarv 
copper can prolong the induction jieriod of the 
tumors 

Copper sulfate was fed in throe concentrations, 
0 15, 0 3 and 0 5% of the diet This w ill pro\ idc an 
approximate minimum copper intake of from 1 S 
to 6 2 mg per rat per day The highest concentra- 
tion w’as toMC when fed in a purified diet contain- 
ing 10% casein but in a diet containing 4% casein 
and 6% dried brewers yeast the animals luod as 
long as littermato controls without copper The 
riboflavin content wms maintained at 0 2 mg per 
hundred grams of diet in order to favor tumor 
formation 

Copper did not prevent the dcxclopmcnt of 
tumors but the induction time, determined bj 
either palpation or the period necessary for the 
tumor to kill the animal, was increased from 25 
to 50% During the induction period and also after 
large tumors had formed there w as much less non- 
malignant liver damage in the copper fed rats 

While it has been reported that copper in large 
doses can be a factor in the development of liver 
cirrhosis, m these studies with butter-yellow it 
provided considerable protection against liver 
damage 

Vitamin B complex studies with diets diflcring 
in the carbohydrate component Helen R Skeggs 
and Lemuel D Wright (introduced by Richard 
H Barnes) Nutritional Labys , Dept of Pharma- 
cology, Medical Research Division, Sharp and 
Dohme, Inc , Glcnolden, Pa An investigation of 
the effect of the type of dietary carbohydrate as 
related to the administration of succinylsulfa- 
thiazole has been made since it has been shown 
that dietary carbohydrate is a factor in the pro- 
duction of certain B complex deficiencies Rats 
received purified diets containing sucrose, cere- 
lose, lactose, dextrin or corn starch as the dietary 
carbohydrate with and without the coadministra- 
tion of succinylsulfathiazole Studies were made of 
the fecal elimination and hepatic storage of folic 
acid, riboflavin, nicotinic acid, pantothenic acid 
and biotin, and the bacterial flora of the feces 
At intervals food intakes were recorded and white 
blood cell and differential counts taken 

The diets containing lactose failed to promote 
growth or survival With the remaining diets, ir- 
respective of the type of carbohydrate, the inclu- 
sion of succinylsulfathiazole resulted in a 
combined folic acid and biotin deficiency char- 
acterized by leucopenia, agranulocytosis, alopecia 
and dimimshed fecal elimination and hepatic 
storage of folic acid and biotin From the be- 


ginning of the experiment, the ingestion of the 
Hulfoimimdo markedlj rediiecd the fccnl climinn 
tioii of folir arid The fteal elimination of ribo 
fliiMii, iiKotinir arid, pantothenie acid and biotin 
was not dircith depressed bj the sulfonamide 
Wlicn the sueeinj Isiilfathiarole fed rats had de 
xclojiid signs of defiritney ami had shown loss of 
appetite, the elimination of riboflavin, nicotinic 
acid, pantothenir acid and biotin fell below that 
of the control animals With the exception of a 
diminished IJ roll count in animals receiving suc- 
cinj Isulfathiarolc, the feral flora was not altered 
demonstrably by the ty pe of dietary carbohydrate 

I iirthcr studies on dogs with the progressive 
paralysis which responds to biotin Susan Gowtr 
Smith Dept of Medicine, Dulc Univ School of 
Medicine, Durham, N CT)og3 suffering from 
progrcsHiv c paraly sis produced on a basic diet free 
from the B complex but supplemented by eight 
synthetic B factors have continued to respond 
specifically to relatively small therapeutic doses 
of biotin (average 1 milligram total dose) Twelve 
such responses have been observed In ten of these 
the rev orsal of the process w ns complete , in two, it 
was only partial due to death by cardiac failure 
Two attempts to maintain dogs in which the proc- 
ess had been completely reversed by biotin re 
suited in freedom from typical neurological symp- 
toms for a period of thirteen days (from attack to 
attack) It 18 obvious then that something else in 
addition to biotin is concerned in the etiology of 
the syndrome 

W'c suspected a mineral defect The mineral salt 
mixture is extremely low in potassium and the 
syndrome appears somewhat sinular to faimlia 
periodic paraly'sis in man There is some evidence 
that calcium is of positive therapeutic value an 
that the magnesium metabolism is disturbe 
Since it 18 not clear as yet the exact part playe 
by potassium, calcium and magnesium, furt er 
studies are being made to determine their relation 
ship to each other and to biotin 

Note Slides and a movie demonstrating ogs 
in the prodromal and progressive stages of para 
sis have been made and can be shown if ^ 
permits . 

Nitrogen metabolism as influenced by love 
caloric intake, character of diet, and nutn ion 
state of animal Gladys Stevenson (by 
tion), Pearl P Swanson, Wanda WiliaiaK 
invitation) and Miriam Brush (by 
The Nutrition Laby , The Foods and 
Section, Iowa Agricultural Experiment a 
Ames A marked depression in the quan i ^ 
nitrogen present in urines of adult rats re _ 

a constant plane of metabolism by feeding a , 

gen-low ration (20 per cent fat) has been o ^ ^ 
when eggs are incorporated in the basa 
level equivalent to 3 5 per cent protein 
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npproMnntcU 100 mg less nitrogen in unnoa col- 
lected m the second 7-dsv period thin m tho first 
Intcrcstingh , n dmh dose of 30 mg of dl mctluo- 
nine is ns effective ns lOO mg of nitrogen derived 
from egg proteins When protein supplcmcnta such 
ns pork muscle, csscin, gcHtm, rnt muscle or liver 
arc fed, an increase m nitrogen cvcrotion occurs 

Upon svstcmatic reduction of the cnergj vnluo 
of tho diet, the sparing action of egg proteins is 
lost nhen calories are cut to less than 50 per cent 
of normal intake In contrast, the effect of methio- 
nine IS maintained nhen tho diet contains only 25 
per cent of the needed calorics 

When rats arc fed a basal diet Ion in fat, depres- 
sion in urinarj nitrogen occurs when caloric needs 
arc fulU or three fourths satisfied Reduction of 
calories to 25 per cent of the requirement accele- 
rates destruction of bodj tissue to a point equiva- 
lent to that observed in complete starvation If 
rats are given the basal high -fat diet supplemented 
with methionine immediatclj after wathdrawnl of 
a full adequate ration, an even more dramatic and 
disastrous effect upon nitrogen metabolism is ob- 
served with restriction of caloncs 

Nutritional improrement of cereal flours and 
cereal grains I Influence on growth and cfllctcncy 
of protein utilization of additions of small amounts 
ofdned cultured }cast (strain G)' to the proteins m 
enriched white flour and table corn meal Barnett 
Sore Dept of Agricultural Chemistry, Untv of 
Arkansas, Fayetteville The yeast served as a 
source of protein enrichment Grow th c\perimentB 
■were carried out on albino rats for ten week 
penods Biological values were calculated as 
gams in weight per gram of protein intake The 
rations were supplemented with an abundance of 
the vitamin B complex and fat soluble vitamins 

Enriched Flour, was fed at 84 per cent plane of 
intake There were si\ males and six females in 
each of the ennehed wheat flour and table corn 
meal experiments Replacement of 1, 3, and 5 per 
cent enriched flour by equivalent amounts of yeast 
in rations resulted in increase in body weight, 
percentagely, of 122 3, ISO 5, and 226 5, and in- 
creases in biological value of 56 6, 82 2, and 96 3 
per cent, respectively 

Table Corn Meal, was fed at 89 per cent plane 
of intake Replacement of 1, 3, and 5 per cent 
table corn meal by equivalent amounts of yeast 
in rations resulted in increased growth, per- 
centagelj , of 85 0, 236 6, and 305 5, and increased 
biological value, percentagely, of 35 0, 96 2, and 
95 0, respectivelj 

Since the diets of people of low income levels 
are derived largely from cereal grains, great bene- 
fits from additions of dried cultured yeasts in 
every day cookerj, as protein supplements as 

lAnheuserBuach, St Louia Mo 


well as excellent sources of tho vitamin B complex, 
may be readily anticipated 

Nutritional improvement of cereal flours and 
cereal grains 11 Influence on growth and protein 
utilization of additions of small amounts of dried 
brewers’ )cast (strain K)‘ or soybean flour to the 
proteins in enriched white flour Barnett Sure 
Dept of Agricultural Chemistry, Untv of Arlan- 
SOS, Fayetteville (Road by title ) Growth experi- 
ments were conducted with albino rats for a period 
of 10 weeks in this study as well as in those re- 
ported in the succeeding abstracts in this series 
Also, in this and the following reports biological 
values were calculated as gams in weight per gram 
of protein intake The rations in this and the sub- 
sequent studies were fortified with an abundance 
of all tho known vitamins There were 12 to 18 
animals in each experiment 

The enriched white flour w as fed at a 84 per cent 
plane of intake Replacement of 1, 3, and 5 per 
cent enriched white flour with equivalent amounts 
of brewers’ yeast (K) in rations resulted in in- 
creased gam in body weight, percentagely, of 
71 3, 131 0, and 150 5, and in increases in biological 
values of 35 2, 54 6, and 55 7 per cent, respectively 
Substitution of 1, 3, and 5 per cent enriched white 
flour by equivalent amounts of solvent extracted 
soybean flour produced increased gams in body 
weight, percentagely, of 55 2, 108 3, and 192 4, 
and increases in biological values of 23 9, 48 8, 
and 60 2 per cent, respectively When 5 per cent 
ennehed flour was replaced by 4 per cent soybean 
flour and 1 per cent of brewers’ yeast, the increase 
in biological value was 71 6 per cent, m other 
W'ords, the j east produced e supplementary effect 
of 11 4 per cent 

Nutritional improvement of cereal flours and 
cereal grains III Influence on growth and protein 
utilizat ion of additions of small amounts of soybean 
flour to the proteins in com meal Barnett Sure 
Dept of Agricultural Chemistry, Univ of Arkan- 
sas, Fayetteville (Read bj title ) The milled corn 
meal, sold on the market as “table corn meal’’ 
was used in this study and was fed at an 89 per 
cent plane of intake There were 6 male and 6 
female rats in each experiment 

Substitution of 1, 3, and 5 per cent of the corn 
meal by eqmvalent amounts of solvent-extracted 
soybean flour in the rations resulted in increased 
body weights, percentagely, of 86 0, 172 4, and 
270 7, and increase in biological values of 46 8, 

70 9, and 96 0 per cent, respectively 

Nutritional improvement of cereal flours and 
cereal grains IV InFluence on growth and protein 
utilization of additions of small amounts of soybean 
flour to the proteins in polished rice Barnett 
Sure Dept of Agricultural Chemistry, Univ of 

•AnhcuaerBusch, St Lams Mo 
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Arkansas, Faycitcvillc (Rend by title ) The 
polished nee wns fed nt an 89 per cent plane of in- 
take There were 9 male and 3 female rats in each 
experiment 2-date data is available on 8 vccka 
growth experiments, the results of vhicli are as 
follows 

Replacement of 1, 3, and 5 per cent polished rice 
in the rations by equivalent amounts of sohent- 
extracted soybean flour resulted in increased 
growth, percentagely, of 22 2, 90 2, and 133 8, and 
increase in biological values of 4 5, 28 1 , and 28 1 
per cent, respectively 

Nutritional improicment of cereal flours and 
cereal grains V Influence on growth and protein 
utilization of additions of small amounts of dried 
cultured yeast (strain G)‘ to the proteins in polished 
nee Barnett Sore Dcpl of Agnculiural Chemis- 
try, Umv of Arkansas, Faycllcvtllc (Read by 
title ) The polished rice was fed at an 89 per cent 
plane of intake There were 9 male and 9 female 
rats in each experiment The experimental period 
was 10 weeks 

Replacement of 1, 3, and 5 per cent of polished 
rice in rations with equivalent amounts of dried 
cultured yeast (strain G)' resulted in increased 
growth, percentagely, of 41 3, 59 1, and G9 0, and 
in increase in biological values of 15 7, 15 7, and 
10 7 per cent, respectively 

Nutritional improvement of cereal flours and 
cereal grains VI Influence on growth, reproduc- 
tion, lactation and protein utilization of additions 
of increasing amounts of soybean flour to the pro- 
teins in enriched white flour in presence of 5 per 
cent dried skimmed milk powder Barnett Sore 
Dept of Agricultural Chemistry, Univ of Arkan- 
sas, Fayetteville (Read by title ) The enriched 
white flour was fed at an 80 per cent plane of intake 
There were 1 male and 5 female rats in each experi- 
ment The reproduction periods were 150 to IGO 
days Replacement of 5, 7 5 and 10 per cent en- 
riched flour with equivalent amounts of solvent- 
extracted soybean flour resulted in increased body 
weight, percentagely, of 74 3, 86 5, and 106 8, and 
increased biological values of 25 3, 29 8, and 15 8 
per cent, respectively Reproduction was success- 
ful in all groups of experiments but lactation was 
most successful in the group which received 10 
per cent soybean flour There was abnormal lacta- 
tion in the control group receiving no soybean 
flour, the lactation period lasted 42 days compared 
with a lactation period of 23 and 21 days in the 
groups receiving 5 and 10 per cent soybean flour 
in the ration, respectively 

Nutritional improvement of cereal flours and 
cereal grains VII Influence on growth and protein 
utilization of additions of small amounts of soybean 


flour or dried riiltiircd jenst (‘.tram G)' to the pro- 
teins In enriched flour in the presence of C per cent 
dried skimmed milk powder Bainftt Suns 
Drpl of Agrtnillnral Chrrni<'try, Univ of Arlan- 
nan, I nyrttmllc (Read by title) The enriched 
flour was fed at an 83 per cent plane of intake 
Tiiere were 3 males and 3 females in each 
cxpcriint nt 

Replacement of enrirhcfl flour wnth 3 and 5 per 
cent solvent extracted soyliean flour resulted in 
increase in body weight, percentagely, of 412 
and 47 9, and increase m biological value of 13 5 
and 17 9 per cent, respectively Substitutions of 
3 and 5 per cent enriched flour with equivalent 
amounts dried cultured y cast (strain G)' produced 
increases in body weight, percentagely, 43 G and 
43 1, and increases in biological value of 17 3 and 
21 1 per cent, respectively 
Corneal vascularization ns a sign of dietary de 
flclency In the rat V P Stdesstricker, W K 
IlA!,E(by invitation), C Vi IIocK (by invitation) 
and A P Briggs (by invitation) Dcpls of Medt 
cine and Dioehcmistry, Umv of Georgia School of 
Medicine, Augusta It has been observed that the 
rat IS prone to dev clop v asculanration of the cornea 
ns a result of deficient diets This lesion has been 
described in rats deprived of vutamin A, nbo- 
flavino, tryptophane and lysine 
Wc have investigated the effects of deficiencies 
of various vitamins of the B complex, of depnva 
lion of methionine, of protcin-frcc and fat free 
diets and of total starvation 
In our experiments deficiency of thiamine and 
of niacin produced no ocular changes vnsible with 
the slit lamp Deficiency of pyndoxine and o 
pantothenic acid produced mild grades of cornea 
thickening and opacity w itli subsequent v ssculan- 
zation of the cornea . 

A diet lacking in methionine caused corne 
opacity and vascularization in about 50 per cent o 
the experimental animals 

A diet exceedingly low in protein caused t e 
death of young rats before any ocular changes oc 
curred Older rats developed marked thickening 
and opacity of the cornea followed by extensive 
vascularization , 

A fat-free diet produced xerophthalmia ^ 
dense corneal vascularization similar m a 
spects to the changes which occur in vitamm ^ 
deficiency It seems certain that this effect wa 
due to deficiency of vitamin A, the result of fai 
of absorption of the carotene supplied m t e a 
sence of fat The livers of ammals m this exp^r 
ment showed very low content of vitamin A 
Starvation resulted in death of rats of a ^ 
before any ocular changes were apparent 
In all experiments in which corneal c a 
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were produced bj deficient diets, euro nns effected 
bj suppljing adequate amounts of the lacking 
nutrient 

The provitamin A requirement of laying liens M 
Wight Tailoh and Walteh C Russfle Dept 
of Agricultural Biochemistry, New Jersey Agri- 
cultural Experiment Station, Rutgers Univ , New 
Brunswick The provitamin A requirements of 
laving hens has been determined using a practical 
mash and grain ration in winch alfalfa meal and 
yellow corn were the only sources of the factor 
Carotene and cryptoxanthin were determined 
periodically by chromatographic separation on 
activated di calcium phosphate in order to control 
the provntamin A feeding lev els 
A level of 1G50 International Units per pound of 
feed gave entirely satisfactory responses, equal 
to those obtained when 3000 units per pound was 
fed At a feeding level of 1100 units per pound, egg 
production showed a significant drop during the 
last 4 months of a 9 5 month feeding period but 
hatchability trials, carried on from the third to 
the fifth months, gave normal results and there 
was no significant increase in mortality When 525 
umts of vntamin A was furnished per pound of 
feed, vntaimn A deficiencies appeared after 3 5 
months and at the end of C 5 months, 82 per cent 
of these birds wore dead The concentration of 
vitamin A w as determined in the blood plasma and 
found to bo roughly proportional to the feeding 
levels but probably pnmanly dependent on body 
storage of the factor The minimum provitamin A 
reqmrement of the laying hen is placed at 
approvimately 1400 International Units per pound 
of total feed No significant difference was ob- 
serv ed in the reqmrements for high egg production 
and for good hatchability 
Realimentation gam of rats on protein-fat diets as 
affected by various liver supplements Hariit M 
Vars and Jnmos Schultz (by invitation) Ham- 
son Dept of Surgical Research, Umv of Pennsyl- 
vania, School of Medicine, Philadelphia Using the 
Addis technique (J Biol Chem , 116 343, 1936) of 
starvation followed by ad libitum feeding for one 
week, the increase in body weight and liver protein 
has been determined in adult rats The control diet 
furmshed 50 per cent of the total calories as pro- 
tein (casein) and an equal amount as fat In addi- 
tion all rats received supplements of thiamin, ribo- 
flavin, Ca-pantothenate, pyridoxine, mcotmic 
acid, inositol, choline chloride and p-aminobenzoic 
acid Experimental diets contained whole liver or 
extracted liver cake (to replace part of the casein), 
or various fractions of a variety of liver extracts 
The greater realimentation gam m body weight 
and liver protein afforded by diets contaimng cer- 
tain liver products was due to the presence of 
another factor or factors not included in the sup- 
plements mentioned above Removal of pyndoxme 


from the supplements dcoronsod the gains Nucleic 
acids as such wero not the realimentation stimu- 
lants (J Exp Med ,67 467, 1939, Am J Physiol , 
129 685, 1940) The addition of crystalline Bo 
(Pfiffner) increased the realimentation gam over 
the controls, tliough it may not replace the whole 
activity of various liver extracts 

This method of study appears to offer a rela- 
tively quick method for assaying the biological 
activity of these accessory food factors 

Reproduction and lactation in mice on synthetic 
diets Nutritional effects of choline Edward 
A White (by invitation) and Leopold R 
Ceiiecedo Dept of Biochemistry, Fordham Unio , 
New York City (Read by title ) This investiga- 
tion was undertaken to study the choline reqmre- 
ment of the albino mouse for reproduction and 
lactation Two basal diets were used One (diet A) 
consisted of purified casein (Smaco), 25%, sucrose 
53, Crisco 10, lard 5, salts 5, and Ruffex 2 The 
following supplements wore added per kilo of 
diet thiamine 10 mg , riboflavin 10 mg , pyri- 
doxine 10 mg , calcium pantothenate 100 mg , 
vitamin D 5000 I U , alpha tocopherol 40 mg , and 
beta carotene 2 mg The ammals were placed on 
this ration at weaning On this diet 23% of the 
litters were weaned Better results were obtained 
when diet A was supplemented with choline (1 5 
gram per kilo of diet) On such a ration, 36% ol 
the litters were weaned This diet could be further 
improved by a supplement of a crude folic acid 
concentrate (one norite adsorption and elution, 
1 5 gram per kilo of diet) FiRy per cent of the 
litters were weaned 

The other basal diet used (diet B) was the same 
as diet A except that the casein content was in- 
creased to 33% at the expense of sucrose No 
beneficial effect on lactation of the higher content 
of protein as compared with diet A was observed 
There was a distinct improvement noted when 
diet B was supplemented with choline (55% of the 
litters weaned) Further improvement of the diet 
was obtained on addition of the folic acid con- 
centrate (65% of the litters weaned) [Aided by a 
grant from the John and Mary R Markle Foun- 
dation ] 

Some relationships between the nutritive prop- 
erties and the strepogenin contents of proteins 
D W Woolley The Rockefeller Inst for Medical 
Research, New York Strepogenin is a peptide- 
like bacterial growth factor (or factors) which 
occurs most abundantly in tryptic digests of some 
highly purified proteins Its possible relationship 
to the nutrition of animals has been suggested by 
the following facts The rate of growth of mice to 
which mtrogen was supplied only as an adequate 
mixture of amino acids was submaximal and was 
increased by additions of small amounts of certain 
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proteins A number of proteins lm\c been nssajc'! 
for this grou th-promoting property for mice and 
microbiologically for their strepogeniii contents 
Crystalline trypsinogen and casein uore most po 
tent and egg Mliite, horse liemoglobin and gelatin 
were almost inactive A rough quantitatnc rela- 
tionship existed between strepogeiiin content and 
potency for the animals During chemical frac- 
tionation of casein digests strepogenin was concen- 
trated to about the same extent as was the 


growth promoter for mice The relationship bo 
tween strepogenin eontmt and growth-promoting 
nition for iniei was also demonstrated with a rn 
tion iirejiared from ml net protein ratlicr than 
ammo aeids, this ration contained IR per cent egg 
white, a jirolem low m streiiogenin hut othcrwiso 
nutritionallj adefpiale 'I hese facts suggest, but 
do not jirove, that strepogenin content is cor- 
related with that nutritional jiropcrtj of proteins 
not represented hj 1 nown ammo acids 
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Pamaquine naphthoate ns a prophj lactic for 
malarial infections IlAnni; A Feloman, Hfmiy 
Packer (by invitation), Franklin D Murphi 
(by invitation), Robert Briggs Watson (by 
invitation) Dept of Preventive Medicine, Univ 
of Tennessee College of Medicine, Memphis, and 
the Health and Safety Dept , Tennessee Valley 
Authority (ERIF) In 1931 James demonstrated 
that pamaqmne in doses of 80 milligrams on the 
day before, the day of sporozoite inoculation, and 
on each of the six following days protected volun- 
teers against both Plasmodium vivax and Plas- 
modium falciparum (Rumanian strains) infections 
Smaller doses of the drug failed to exert this 
effect The work reported in this paper is, appar- 
ently, the only repetition and extension of James’ 
studies 

Pamaqmne naphthoate (approximately 45 per 
cent base) was adimmstered in varying dosage and 
for varying periods of time to thirty-six luetics 
who were infected with either P vivax (McCoy) 
or P falciparum (Costa) sporozoites Both 180 
and 160 milligrams on the day before, the day of, 
and for five or six days following inoculation have 
postponed or prevented infection for ten months 

In the case of P falciparum, the post-inocula- 
tion period of treatment could be shortened to 
three days and still obtain complete protection 
for a sinular period of time 

Smaller doses or shorter periods of drug exhibi- 
tion uniformly resulted in failures 

Methemoglobinemia was regularly encountered 
Two cases of acute hemolytic anemia occurred 
among the 11 negro patients One of these re- 


ccucd a second course of pamaquine with similar 
effect 

Abdominal pain sc\crc enough to force with- 
drawal of the drug occurred in one white male 
Elevations of tho serum bilirubin and moderate 
hematocrit decreases were commonlj encountered 
among those receiving the higher, more prolonged 
courses 

Except for tho fact that the drug appears to 
affect the “tissue” but not tho sporozoite forms 
of the parasites, the mode of action of pamaquine 
as a prophj lactic (or suppressive) for malaria was 
not elucidated [The work described in this pap^ 
was done under a contract, recommended 
Committee on Medical Research, between the Office 
of Scientific Research and Development and t e 
Univ of Tennessee ] 

Distribution of carbonic anhydrase in the pal •JU'J 
of Rhesus monkey and man as compared with t 
of lower mammals Winifred Ashbi and 
Schiller Blackburn Laby , Saint Elizabct ^ 
Hospital, Washington A further study of ® 
quantitative distribution of carbonic anhy rase 
in the pallium was made The method use 
Keilin and Mann w as employed at 3°C ±01 
Previous study had shown in man a ^ 
amount of carbonic anhydrase in the white 
immediately below the cortex than in the 
while the reverse situation of a greater 
the enzyme in the cortex had been found m 
dog, the hog and the cat The present stu J’ a 
tended the investigation to four Rhesus mon e ^ 
in the brains of which, the same proportiomn^ 
enzyme content as was found in man, oimurre 
In the brain of a horse on the other ban , 
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rchtionsliip found uns the eimc ns Umt of the dog, 
tlip hog nnd tlie c \i 

Tho possd)\l»t\ was considered that potassium, 
present in large amount in the crjthrocjtcs of 
man and known to stimnlatc brain metabolism, 
might pla\ an au\ibar> role to carbonic anhjdrasc 
in the more \ascular cortev and be a factor in 
causing the primate pattern This was ruled 
out bj the f let that both the horse and the hog, 
two of the animals gmng the pattern of distribu 
tion of the lower mammals, ha\c a high potassium 
content in their crjthrocjtcs 
It IS postulated that this greater content of 
cniirac beneath the corte\ found in tho primates 
maj be part of a plnlogenctic pattern leading to 
tho greater capacitj for association bclicacd to be 
the distinguishing qualiti of tho mentabtj of man 
The characters of the rabbit papilloma aims. 
Joseph W Beahd Tho \nrus responsible for 
endemic infectious papillomatosis in cottontail 
rabbits and capable of inducing in domestic rabbits 
wart> growths which frcqucntlj become cancerous 
has been purified bj ultraccntnfugation and its 
characters examined bj chemical and phjsical 
methods From clcmentarj and component chemi- 
cal anal} sis, the Mrus is cssentiallj nuclcoprotein 
and the nucleic acid has been isolated and identi- 
fied Studies were made on sedimentation properties 
in the ultracentrifuge and electrical behavior in 
the Tisclius apparatus The rate of diffusion of the 
varus nnd the viscosit} of varus preparations were 
determined The size nnd shape of the virus have 
been investigated in conventional electron micro- 
graphs and in imerographs of particles “shadow ed” 
with gold The densit} and water content of the 
virus in aqueous suspension were determined by 
centrifugation in bovine serum albunun solution 
and calculations made of the diameter of the wet 
varus The findings are discussed in relation to 
their implications with respect to the status of 
the agent 

Effect of antigen-antibody union in the circulat- 
ing blood in production of anaphylactic reactions in 
passively sensitized mice Kenneth L Bordon 
Dept of Bacteriology and Immunology, Baylor 
Untv College of Medicine, Houston, Texas Mice 
passively sensitized by the intravenous or intra- 
pentoneal injection of anti horse or anti-eggwhite 
serum show slight or no illness when the shocking 
dose of antigen is given by either route after the 
usual “incubation period” of 24-48 hours Like- 
wise only mimmal reactions result when antigen 
(or antiserum) is injected intravenously or intra- 
peritoneally immediately after intrapentoneal 
inoculation of the antiserum (or antigen) But 
when both antiserum and antigen are injected 
intravenously, one right after the other, severe or 
fatal anaphylactic shock is usually produced, the 
effect IS the same whichever substance is injected 


first Tho material first inoculated is demonstrable 
m tho circulating blood at the time reactions oc- 
cur, but not later (after 24 hours) when inoculation 
of the second reagent usually causes no symptoms 
Suitably proportioned antigcn-nntiscrum mix- 
tures injected intravenously induce similar severe 
illness Tho reactions arc specific and truly ana- 
phylactic in nature, ns shown by many control 
experiments Recovered animals are refractory 
when tested by rc-injcction of both antiserum and 
antigen almost simultaneously , as in the original 
tests These findings add to evidence refuting 
familiar tenets of the cellular theory They show 
that the so called incubation period is not an, 
essential feature of passive anaphylaxns and that 
tho fixation of antibody upon the body-cells is not 
necessary for production of anaphylactic reactions 
In mice severe anaphylactic symptoms evidently 
result from antigen antibody combination in the 
circulating blood Incidentally the experiments 
demonstrate that the anti anaphylactic state is 
not due to lack of reacting antibody 

Allergenic and anaphylactogenic properties of 
vaccines prepared from embryonic tissues of de- 
veloping chicks II Anaphylactogenic properties of 
typhus fever vaccines nnd equine encephalomeylitis 
vaccine E J Coulson and Henrt Stevens 
These investigations evaluate anaphylactogenic 
properties of egg yolk sac vaccines and chick em- 
bry o V accincs Yolk sac vaccines were represented 
by several exTierimental and commercial lots of 
typhus vaccines One lot of encephalomyelitis 
vaccine represented chick-embryo vaccines 

Anaphylactogemc properties were investigated 
by gross anaphylaxis in guinea-pigs Sensitizing 
capacities were estimated from the mimmum dose 
of vaccine which, when admimstered to normal 
guinea-pigs, sensitized the animals to the degree 
that fatal anaphylaxis was induced by subsequent 
intravenous injection of the same vaccine or egg 
white The relationship of antigens present in the 
yolk sac vaccines to antigens of corresponding 
extracts of normal chick embry o yolk sac and to 
antigens of fresh egg were investigated by the 
Schultz-Dale method 

In contrast to previously reported studies on 
yolk sac vaccines the typhus vaccines examined 
were active anaphylactogenic agents, their po- 
tency in this respect w as of the same order as egg 
white when compared on the basis of protein 
mtrogen Antibodies in the uterine muscles of 
gmnea pigs sensitized with y oik sac vaccines w ere 
identified chiefly wnth antigens of fresh egg No 
evidence of anaphylactic sensitivity to embryomc 
proteins or to the anti-typhus immumzing factor 
was observed in animals sensitized with typhus 
vaccine 

To the extent that antigemc activity in guinea- 
pigs provides a basis for estimating the likelihood 
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tion of an unscicctcd population nRaui.t t.phm 
fever with these vaccines, our results njify n 
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lnZirmVi\ r>cree-v> to mfert com 

Im l rn.mnhbj tar.oii. route, 

b report* d here v an undertaken The or 
f nmsiin u-d , ,,, .trams of B 

t ilaren- ihertandt-rd hnetemi suspension con 
a dr (1 of a .$ hour dexirom, r>stnne, blood npr 

Z ' ^'^bni' gelatine to 

r r 'ln,, Ilf ht trarmrnKi, on ,n ft Coleman spcctro 
photoumtr r and rontaincd I to 2 hilhon organisms 
per ml as delormined !,> mmme titration and plate 
cemit A sutnmar> of the remits shows that the 
>Un dti-r ft. r,j,„p d h> the Reed and Mucnch 

1 iO( of of jY titantKrdsus 

p n ion a\h*ri arlminintf'ri il intrrrutancouslj and 
ziibciitarieou.lj ,n mire, rabbit, rnd guinea pigs 
•jtie intrap-'ritoneal do.r was rl.o 1 ml of lO"’ 
f ilution in mice and ruinca pig. and 1 ml of 10-’ 

< I tUion in ral*i The perculnncou. do.c was much 
more \ariable lfr« « m mice, 1&-' in rats, l(r‘“ 

‘n rabfiii. and lb-«» m guinea pig. The intranasal 
done wn. Ip-** mice, 10-“ m rats and 10-' in 
guinea pig. The conjunclixal and mtravaginaJ 
tlo'c for rabbit, wa. 10-» 

In addition to the nhoae results the LDudo'e 
>J Ptihciitancou. administration nas determined 
for ham.tern and cotton rats to bo lO"* and KT* 
rcapcctn clj Mlhoiigh the exact LD« dose bp the 
V nnou. route, w a. not determined for chicks, dogs 
and monkey., the following data is presented to 
show the xnrmtion in .usccptibilit> exhibited bf 
fhese animal. 

One chick infected with 100 million organisms 
died and two which had rcccncd 10 million and 
100,000 rcspcctueb became infected and when 
sacrificed 17 daxs later yielded positixe cultures 
In the case of three other chicks, one injected with 
10 million organisms died and the ones receiving 
100 million and 100,000 surxncd and showed no 
CMdencc of infection when sacrificed 
Eight pups and one adult dog becaniG infected 
■alien tbcj wore gnen doses similar to those gi'^° 
the chicks, but onlj 4 out of the 9 died 
It Was not practicable to determine the Ilh: 
dose by xanous routes in monkejs but ax.rulenee 
titration showed that these animals are 
susceptible, succumbing to as few as 20 organic®® 
given subcutaneously , 

Summary The results on these x anous routes o 
infection of animals show cd that B tularense was 
infective by all routes tested and in general t ® 
animals were most susceptible when challenge 
subcutaneously or intrapcritoneally The 
bihty of the animals varied with the species, 
dog, chicken and white rat being most ' 

the mouse, hamster, guinea pig and rabbit > 
least resistant in the order named and the co 
rat and monkey having somewhat 
ance than the rabbit but less than the white 
Action of chemotherapeutic agents on ® 
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tmnism of Rrnnulomn ingiilnnlc Wolcott B 
Dumiam and Gtorniri Rakt Division of Mtcro- 
biologii, The Squibb Inst for Medical licscarch, 
Acir Brunswick, jV J Ihc cliemothcrapoutic ac- 
of %anou3 compounds was tested by inject- 
ing mi'iitures of the drugs and suspensions of 
Donoiania praniiloniatis into embrjonated eggs 
Experiments were also performed to comgarc the 
in 1110 with the in tilro activitj of streptomycin 
Mercurous chloride and antimonj potassium 
tartrate were more effectixo than the bismuth and 
arsenie compounds tested Sulfonamides were 
relatnclj incfTcctixc Streptomjcin and strepto- 
thricin were more actixe than penicillin 
Immunization against malaria In c\pcrimcn(al 
animals JnirsFnEUxn.K J Thomson and H E 
Sommer Public Health licscarch Inst of the City 
of Ncic York and the Dept of Health, Bureau of 
Labys of the City of New York Rhesus monkejs 
injected twice with formalin killed P knowlcsi 
emulsified in paraffin oil containing killed tubercle 
bacilli surxnxcd wath parasitemia of low grade 
when infected with 1000 or more P knowlcsi 
Control animals rcccixing the same infecting dose 
died or were killed wath high parasitemia Injec- 
tion of formalin killed parasites wathout these 
adjuvants faded to protect 
Ducks receiving formalin killed P lophurao in 
saline solution or in water in oil emulsion contain- 
ing lulled tubercle bacilli were protected against 
subsequent infection with P lophurao as com- 
pared wath controls The protection lasted longer 
with adjuvants 

In unprotected monkej s and ducks there was a 
rapid decrease of circulating red blood cells coinci- 
dent wath the development of parasitemia In 
protected monkejs and ducks in spite of the low 
parasitemia, the red blood cell count decreased in 
similar fashion These observations suggest that 
removal of parasitized cells from the circulation 
maj play a part m protection 
Differences in the avidities of tetanal toxins for 
nerve tissue U Friedemann, A Hollander and 
F B Traub Dept of Bacteriology, The Jewish 
Hospital of Brooklyn Qualitative differences be- 
tween tetanal toxins were uncovered by the 
method of the indirect test In this test serial 
dilutions of antitoxin were injected intravenously 
while 20 lethal doses of the individual toxins were 
given intracerebrally or intramuscularly The 
minimal protecting doses of antitoxin (Ai) in the 
intracerebral as well as in the intramuscular test 
were very different for the individual toxins 
When toxin and antitoxin were mixed in vitro the 
antitoxin requirements were approximately the 
same for all toxins With the aid of special methods 
It could be shown that the differences in the Ai 
Values of the individual toxins are due to differ- 
ences in their avidities for nerve tissue Under 


conditions ns they prevail in tho natural disease 
toxins with high avidities for nervo tissue are 
practically resistant to antitoxin 

Cjlotoxic property of mouse cancer antiserum 
Robert G Green Medical School, Univ of 
Minnesota, Minneapolis Antiserums have been 
prepared in rabbits by the injection of centrif- 
ugates of mouse mnmmarj cancer tissue collected 
between 14,000 X gravitj and 100,000 X gravity 
The rabbits were bled for scrum 14 days after the 
last of 5 weekly injections Such an antiserum 
neutralizes the milk agent of Bittner In testing 
for its cj totoxic property, suspensions of cancer 
cells were mixed with the antiserums and after 3 to 
C hours were injected into susceptible hybrid mice 
No tumors developed Cancer cell suspensions in 
0 0% saline solution uniformly produced tumors 
upon injection An antiserum prepared from rab- 
bits immunized with centrifugates of lactating 
glands of susceptible but non-infected mice did 
not appreciably lower tumor production below the 
controls nor did normal rabbit serum The anti- 
bodies of the eancer antiserum were completely 
removed by absorption wuth a suspension of mouse 
cancer cells but were not removed by a suspension 
of cells similarly prepared from lactating normal 
mammarj glands The antigemo character of the 
mouse cancer cell appears to be different from that 
of the normal mouse cell and similar to that of 
virus centrifugates prepared from mouse cancer 
tissue 

The bactericidal action of streptomycin 
Dorothy Hamrb, Geoffrey Rake and Richard 
Donovick Division of Microbiology, The Squibb 
Inst for Medical Research, New Brunswick, N J 
In vitro studies showed that streptomycin has 
bactericidal action on both young growing cul- 
tures and on resting cells of susceptible orgamsms 
This IS in contrast with the action of penicillin 
where organisms in the resting stage are un- 
affected 

Studies also were made of the streptomycin re- 
sistance of bacterial cells which survive given con- 
centrations of streptomycin 

The fate of injected particulate antigens in rela- 
tion to the formation of antibodies T N Harris 
and W E Ehrich The Children’s Hospital of 
Philadelphia, the Philadelphia General Hospital 
and the Departments of Pediatrics and Pathology, 
School of Medicine, Univ of Pennsylvania Earlier 
studies have shown that the injection of antigemc 
material into the pad of the rabbit’s foot is fol- 
lowed by the appearance of antibodies in the re- 
gional lymph node, in lymph produced by that 
node and especially in lymphocytes in such effer- 
ent lymph In the present work the fate of particu- 
late antigenic material has been investigated in 
the period between its injection into the foot of 
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the rabbit and the appearance of antibodies in the 
regional lymphatic tissue 

It has been found that a soluble substance nn- 
munologically specific for the antigenic material 
injected can be identified in c\tracts of the in- 
jected tissue and of the regional lymph node, and 
in the efferent Ij'mph from that node The ronceti- 
tration of this soluble material falls off slowly in 
the injected tissue in the course of the few days 
following the injection In the extract of the ly mpli 
node and in the lymph it falls off quickly', and is 
succeeded by the appearance of antibody 

Evidence is presented that this material is de- 
rived from the injected antigenic material by n 
physiologic process, and this process is discussed 
as the means by which antigens which arc origi- 
nally parts of cells are made available to the 
lymphocyte 

The role of selection in antigenic variation of 
blood parasites James A HAiinisON, Dept of 
Biology, Temple Univ Extensive studies on anti- 
gemc variation in cultures of Paramecium aurclta 
are presented as evidence for the thesis that the 
appearance in experimental animals of successive 
V relapse strains of trypanosomes having new anli- 

■ ^ characters is essentially due to a process of 

1 ction and is not the result of antibody action 
upon the individual parasites which grow into the 
relapse strains In test-tube experiments, simu- 
lating as far as possible the situation involved m 
the development of antibody-fast strains of trypan- 
osomes m the mouse, it has been shown that 
antibody -fast strains of paramccia are commonly 
developed when cultures are grown in antiserum 
to which they are sensitive In other test-tube ex- 
periments of a sort which is seemingly imprac- 
ticable or impossible with trypanosomes, it has 
been shown that antibody-fast cultures of para- 
mecia exceedingly similar, if not identical, to those 
■developed in antiserum may be developed from 
individuals selected at random from cultures 
which have never been exposed to antiserum From 
these and other experiments it appears that all 
types of variation which occur among paramecia 
grown in antiserum are within the normal poten- 
tialities of the animal and occur spontaneously 
without regard to the presence or absence of 
antibody 

Viruses of infectious hepatitis and serum jaun- 
dice W P Havens, Jb (introduced by J R 
Paul) Neurotropic Virus Disease Commission, 
Army Epidemiological Board Section of Preventive 
Medicine, and the Yale XJniv School of Medicine 
Although the exact relationship between infectious 
hepatitis and homologous serum jaundice is not 
understood, exTieriments in their transmission to 
human volunteers reveal information about the 
properties of the causative viruses 

Both agents are Sltrable, resistant to a tempera- 


ture of F)C>°C for (50 minulcs, both have been trans- 
mitted to luinian volunteers in serial passage, and 
both give rise to a clinical disease in man which 
resembles "catarrhal jaundice ’’ 

In contrast to these similarities arc certain dif- 
ferences which involve route of inoculation, dura- 
tion of incubation period, and jicriod of "infcc- 
lioiisncss,” inrltiding the period when the virus of 
each disease is demonstrable in the blood stream 
There is no evidence furthermore, in these expon- 
rnonts that heterologous immunity exists, al- 
though homologous immunity is demonstrable in 
infectious hepatitis 

Our strain of infectious hepatitis virus produces 
disease in human volunteers following parenteral 
inoculation or ingestion The incubation penod 
ranges from J5-? t day s 7’/ic v irtis is demonstrable 
in both blood and stool during the acute phase but 
not in the incubation or convalescent period 
Our strain of homologous scrum jaundice varus is 
infectious when inoculated parcntcrally wath a 
longer incubation period, 50-134 days It is re- 
coverable from the blood of inoculated subjects 
i and I way through the long incubation period 
and during the acute phase of disease, but not 1 
month after onset Apparently it is not present in 
the stool of patients, nor is it infectious when in- 
gested Patients conv alcsccnt 6 months from in- 
fection with this strain arc not immune to experi- 
mental infection wath infectious hepatitis varus 
Antibody formation in the immunization of bn* 
man beings Michaei, HriDEunEnGEB Professor 
of Biochemistry, College of Physicians and Sur- 
geons, Columbia Univ , and Chemist to the Pres y- 
icrian Hospital in New York City Quantitative 
data will be given on the magnitude of, and vana 
tions in, the antibody response of human beings 
to single injections of 0 03 to 0 06 mg of the spe 
cific polysaccharides of pneumococci 
sistence of the observed antibody levels wi 
discussed and comparison wall be made with evis 
ing relative data on antibodies to other 
in such instances as these may be recalculate 
approximate absolute v'alues 
The effect of ultraviolet irradiation on i 
properties of influenza virus Webneb , gj 

Gebthude Henle Dept of Pediatrics, ® 
Medicine, Univ of Pennsylvania and T e 
dren’s Hospital of Philadelphia The gj 

tinating property of influenza virus m 
allantoic fluid remains stable for extende P 
of irradiation (60 minutes) Thereafter, i 
appears suddenly In contrast, the infec iv^^ 
creases rapidly to a fraction of one ^ji-ra- 

the toxicity to 25-50 per cent upon very s ^ 

diation (10-30 seconds) Longer I'-radiation 
minutes), which renders the prepara 
infectious and non-toxic, leaves t e g^re 

capacity practically intact After fur e 



AMLUICAN ASSOCIATION OF IMMUNOLOGISTS 


249 


(15-GO minutc"!) interference is no longer demon- 
strsble m herons lioningghitinnlion is unnllercd 
The immuniring c'\pncit\ dccronscs gradunllj but 
c\en after <X)-120 minutes of irradiation, where tho 
hemagglutination can no longer be demonstrated, 
the fluid IS still able to induce some immunitj in 
mice against influenra Finally, the total comple- 
ment fi\ing ncti\it\ IS only sligbtlj decreased at 
the end of 2 hours of irradiation 
These data offer some insight into tho media 
msin of infection of host cells in that they indicate 
that at least 3 distinguishable processes may take 
place (a) Attachment of the \irus to tho cell as 
illustrated by the hemagglutination phenomenon, 
this may occur c\cn after tho interference phe- 
nomenon has been destroy cd (b) A change in the 
metabolism of the host cell, as illustrated by the 
interference phenomenon, which can occur c\en 
wath inacti\c airus (c) Multiplication of active 
virus in the cell and subsequent spread to other 
susceptible cells, as illustrated by infcctivity of 
the varus The role of to-acily m the infection bus 
not been elucidated 

The role of latent pncumotropic viruses in acute 
respiratory disease Frank L Horsfall, Jr Evi- 
dence of infection wath latent pncumotropic vi- 
ruses was obtained in each of nine species of mam- 
mals, including man Some animal species, i e 
mice, hamsters and cotton rats, may harbor two or 
more latent viruses m their respiratory tracts 
Each of the latent viruses known to occur in the 
respiratory tracts is capable of inducing manifest 
disease Such infections may result in the develop- 
ment of pneumonia which is sometimes fatal 
Animals which have recovered from infection arc 
immune to reinfection with the latent vnrus re- 
sponsible for their imtial disease 

Various non specific stimuli are capable of un- 
balancing the equilibrium between latent pneumo- 
tropic virus and animal host Such stimuli are 
provided by commonly used and apparently in- 
ocuous laboratory procedures, e g the intranasal 
instillation of non infective foreign materials 
When the equilibrium between latent virus and 
animal host is upset, infection commonly develops 
This may be either inapparent and demonstrable 
only as a result of the altered immunological status 
induced or mamfest and readily discermble as 
acute respiratory disease The frequency with 
which non-specific stimuli are capable of provok- 
ing infection with latent pneumotropic viruses is 
related to the season, during winter months the 
effect is much more commonly elicited than in 
the summer 

Immunochemical studies on blood group A sub- 
stance from hog stomach Elvin A Kabat, 
Aaron Bendich (by invitation) and Ada E 
Bezer (by invitation) Dept of Neurology, College 
of Physicians and Surgeons, Columbia Untv and 


the Neurological Insl , New York Immuno- 
chemical investigations on tho blood group A sub- 
stance from individual hog stomach linings have 
shown that active substances can not be obtained 
from all hogs Stomach linings were subjected to 
peptic digestion and the digests purified by tho 
Morgan and King phenol method Of ton stomachs 
studied, seven yielded active products Substances 
from the remaining throe were obtained by this 
procedure in similar yield, which, cveept for their 
non antigenicity in man and their immunological 
inactivity, had the same analytical properties as 
did the active ones These inactive preparations 
failed to precipitate with human serum containing 
anti-A and did not inhibit the hemagglutination of 
A cells by anti A No significant chemical or 
physico chemical differences between active and 
inactive materials hav e y et been found Prepara- 
tions obtained from pools of hog stomachs consist 
of a mixture of active and inactive substances 
which can not be separated by ordinary means 
The immunochemical punty of such products can 
be estimated by determining tho proportion of 
glucosamine carried down in specific precipitates 
formed in the region of antibody excess to the 
amount of glucosamine in the preparation added 
Active preparations from individual hog stomachs 
approaching 100 per cent in purity, as judged by 
this criterion, have been obtained [Work was done 
under contract with the Office of Scientific Research 
and Development ] 

Hemoglobin precipitation with tissue extract anti- 
gen Reuben L Kahn, Albert H Wheeler, and 
Elizabeth B McDermott Clinical Laby , Vniv 
Hosp , Univ of Michigan, Ann Arbor, Michi- 
gan WTiile investigating serum reactions in mala- 
ria, the question arose whether hemoglobin solu- 
tion (laked erythrocytes) of malarial origin might 
differ serologically from hemoglobin solution of 
nonmalarial origin It was observed that precipi- 
tation occurs on mixing hemoglobin solutions with 
tissue extract (Kahn) antigen Hemoglobin solu- 
tions denved from malarial (vivax) erythrocytes 
were found to possess a greater tendency toward 
precipitation with the antigen than hemoglobin 
solutions derived from nonmalarial erythrocytes 
Several factors affecting this precipitation phe- 
nomenon were investigated These factors include 
1) The aging of the blood clots from which the 
hemoglobin is prepared 2) The concentration of 
NaCl solutions used in the preparation of the 
hemoglobin solutions and of the antigen suspen- 
sions 3) Solubility of precipitates in excess of lipid 
antigen or hemoglobin solution Further studies of 
this precipitation phenomenon are m progress 

Studies of serum antifibrinolysin Melvin H 
Kaplan (introduced by John H Dingle) Respira- 
tory Diseases Commission. Laby , Regional Station 
Hospital Section S, Fort Bragg, N C It has been 
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shown previously that the dissolution of plasma 
clots by streptococcal fibrinolysin is due to the 
proteolytic action of a plasma enryme iihich la 
activated by fibrinolysin The resistance of plasma 
clots to fibrinolysis observed under certain condi- 
tions in man and in various animal species results 
from factors in the plasma vliich interfere with 
any phase of this process Such factors include the 
presence of antifibrinolysin, antiprotcase, or the 
deficiency of an effective rjmogen (Ijtic factor) 

Antifibrinolysin specifically neutrahres fibnnol- 
ysin and is therefore an antibody to a kinase or 
enzyme-activator Antifibrinoljsin docs not in- 
hibit the enterokinaso activation of trjpsinogcn 
Consequently fibrinolysin and cntcrokinase arc 
not identical although they are analogous in func- 
tion Quantitative studies indicate that anti- 
fibrinolysin combines specifically vitli fibrinoljsm 
in varying multiple proportions The reaction is 
approximately 90 per cent complete at the end of 
30 minutes at 37°C , and equilibrium is reached 
within 60 minutes 

It was demonstrated by the use of a quantitativ c 
serological method of assay, vhicli minimized non- 
specific antifibrinolytic effects, that no rises of 
antifibrinolysin occurred in 244 patients v ith non- 
streptococcal respiratory disease The antifibri- 
nolysin level of patients nith streptococcal infec- 
tions was quantitatively the same when measured 
with fibrinolysins from the three Lanccficld groups 
of streptococci knon n to be fibrinolytic A, C, and 
G The increase in antifibrinolysin antibodies 
which developed as a result of infection by strepto- 
cocci of groups A and C vas quantitatively the 
same when tests were performed v ith heterologous 
fibrinolysins from group A, C, and G streptococci 
It was concluded that antifibnnolysins produced 
by various groups of beta-hemolytic streptococci 
are immunologically identical 

Coexistence of two antibodies for costalline in- 
sulin in human serum Makt Hewitt Loveless A 
diabetic woman, highly allergic to insulin, was 
“desensitized” cautiously during 3^ months Con- 
trolled tests of the threshold type were performed 
on her skin, conjunctivas and serum before, during 
and after the experiment Reagins (thermolabile, 
sensitizing antibodies) for insulin did not fluctuate 
importantly, as judged by passive-sensitization 
studies done with serum-dilutions During treat- 
ment, the serum acquired thermostable antibodies 
adequate to neutralize 0 1 unit of crystalline insu- 
lin per ml , as revealed by testing serum-insulm 
nuxtures in sensitized skin The skin and con- 
junctivas now required decidedly more antigen 
before they showed visible reactions When ther- 
apy was discontinued, these signs of immunity 
gradually disappeared After two months, a pre- 
viously tolerated dose of insulin gave rise to alarm- 
ing urticaria, itching of the palms and loss of 


consciousness without hjpoglyccmia Clinical tol- 
erance, circulating thermostable antibodies and 
lieiglitened thresholds of reaction in the skin and 
eve vcrc restored following a short “booster” 
course of crjstalline insulin 
When the immune sera were added to lethal 
doses of cr\ stallinc insulin and injected into mice, 
it appeared that the patient’s immunitj' against 
allcrg} was accompanied by a capacitj to inacti- 
vate the hormonal function of insulin, for a major- 
itj of the mice aurvned The scrum from two 
insulin-rcsislant patients failed to protect mice 
It is perhaps significant that 20 units of insulin 
failed to lower the fasting blood sugar of the aller- 
gic patient either during or between courses 
CoNCLLSioN The clinical control of allergy for 
insulin rests on the development, dunng specific 
thcrapj , of thermostable antibodies similar to 
those found in treated haj fever patients They 
appear to inactivate not onlj the allergenic but 
also the hormonal function of insulin The mecha- 
nism in our cases of insulin-resistance without 
nllergj seemed of a different nature 
The composition of specific precipitates from anti- 
lobacco-mosaic-sem Saul Malkiel (introduced 
bj W M Stanlcj) Dept of Animal and Plant 
Pathology, The Pool cfcllcr Inst for Medical Re- 
search, Princeton, New Jersey The quantitative 
behavior of v iral-anti-v iral sj stems has been but 
little investigated partlj because of the lack o 
purified and chemicallj charactcnzcd antigens 
Tobacco mosaic virus, which is available m a 
highl}’' purified form, is an extremely strong anti- 
gen The anti-Bcra prepared were of high titer for, 
at the point of optimal proportions, 0 007 cc of a 
given rabbit anti-scrum was found to be equiva- 
lent to 1 mg tobacco mosaic virus when titrate 
by the method of Dean and Webb The zone o 
optimal proportions did not coincide with t e 
equivalence zone but w as found to be in the 
of excess antigen Anti-sera in the horse and * 
were prepared and these systems studied ® 
quantitative relationships of the specific 
tates were established by a determination o 
antibody and antigen content Since this an ig®^ 
contains a known amount of phosphorous 
antigen content was estimated by means o p o 
pborous determinations Electron microgrep 
prepared by the gold plating technic of comp 
of Imown antibody-antigen composition were p 
sented In general, for the system studie , 
complexes were sinular to those of lower mo eo 


weight soluble proteins stools 

The recovery of poliomyelitis virus from 

of monkeys and chimpanzees expenmen a 
fected by various routes Joseph L 
troduced by John R Paul) Section of p-j,,,. 
Medicine, Yale Univ ^eihool of Medicine 
myelitis virus introduced directly into e 
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monkc^s b^ (lie intrncul'incous route finds its uny 
into the intcstinnl (met uith some regulnritj 
\ iriis introduced inlrnpcritoncilh and intraecrc 
bnllj also ma\ appear in the intestinal tract, but 
seems to do so Ic's frequcnllj Thus the presence 
ol the Mrus in the feces during the experimental 
disease docs not indicate that the portal of entrj 
nas the mouth or upper nasal passages 

Excretion of \irus in the experimental host is 
not peculiar to an> one strain 

In some animals xirus appeared in the stools 
before an\ s\ mptoms of (he discaso in the central 
ncrxous s\stcm were apparent 

Eollownng intracutancoua inoculation of xirus in 
two chimpaniccs, both animals became “healthy” 
earners of the xirus for two and four weeks re- 
spcctix cl> 

False positive reactions in serologic tests for 
syphilis Nature and mechanism ofsclcctivc inhibi- 
tion by a heat-stable scrum component Hans Neu- 
Rath, Elliot Volkin (by inx itation) and H W 
CnAio (bj inxitation) Depts of Btochemtsiry and 
Bacteriology , Duke Univ School of Medicine, Dur- 
ham, N C The serologic flocculation reaction of 
antibodies of biologic false positive human sera 
With lipoidal antigens is influenced by a compo- 
nent found in the crude “albumin” fraction of 
human sera (Science, 101 CS, (1945)) Addition of 
this component to serologically active globulin 
fractions prior to flocculation results in complete 
inhibition, whereas, addition subsequent to the 
formation of flocculcs causes complete redispersion 
of the latter This effect is specifically directed to- 
ward false positixe reactions, and under optimal 
conditions does not occur to a significant extent 
xnth antibodies from syphilitic human sera The 
inhibitor is a heat stable lipo protein, probably 
associated wnth the alpha globulins 

Quantitatixe measurements of the infiuence of 
concentration of antigen, inhibitor and antibody 
demonstrate that in the region of antigen excess 
no inhibition occurs, while over a limited, inter- 
mediate range of antigen concentration the degree 
of inhibition is approximately proportional to the 
loganthm of inhibitor/antigen ratios At constant 
optimal antigen and inhibitor concentrations, in- 
hibition IS largely independent of antibody titer 
In regions of inhibitor excess, the reaction of 
syphilitic antibodies may also be progressively 
inhibited The results are interpretated on the 
basis of a competition for the antigen between 
false positive antibody, inhibitor and syphilitic 
antibody, the relative affinities for the antigen in- 
creasing in the above order [The work described in 
this paper was done under contract, recommended 
f>y the Committee on Medical Research between the 
Office of Scientific Research and Development and 
Duke Univ ] 

The enhancement and properties of the comple- 


ment-fixing antigens of lymphogranuloma ven- 
ereum Clara Nioo, Mauhice R Hilleman and 
Bettx M Bowser Ftnis Laby , E R Squibb & 
Sons, New Brunswick, N J The activity of 
Lymphogranuloma venereum complement-fixing 
antigens prepared from infected yolk sac suspen- 
sions could be enhanced by treatment with phenol, 
boiling, or ether extraction 

Treatment w ith phenol in a final concentration 
of 0 5% at 4°, 37° or 50°C effected as much as six- 
teen fold enhancement The rate of development 
of full potentiality at a given temperature de- 
pended on preliminary aging of the suspension 

Boiling such suspensions either before or after 
adding phenol effected the same degree of enhance- 
ment Under certain conditions the relatively clear 
supernates of boiled phenolized antigens were as 
active as the whole boiled antigens While phe- 
nolized antigens, boiled or unheated, frequently 
reaeted nonspecificallv with sera from early cases 
of sxphiliB, boiled supernate antigens were 
specific 

The complement fixing actixnty of unphenolized 
yolk sac suspensions could not only be quite com- 
pletely extracted with ether, but eight fold 
enhancement could be demonstrated in such ex- 
tracts Preliminary aging of the suspensions for 
several weeks prior to extraction was important in 
obtaining full potential enhancement The degree 
of dispersion of the extract in saline determined 
the degree of demonstrable enhancement Ether 
extract antigens were never anticomplementary 
even though prepared from suspensions initially 
anticomplemcntary 

Unphenolized and phenolized antigens (un- 
heated or boiled), phenolized boiled supernates, 
and ether extract antigens all retained group reac- 
tivity in that they reacted with sera of persons 
infected with other members of the Psittacosis- 
Lymphogranuloma venereum group 

Stability on boiling and autoclaxnng and ether 
solubility of the antigen suggest its glucolipid 
nature 

Coexistence of the antibodies of yellow fever and 
Weil’s Disease in human serum Arezroont Pack- 
CHANiAN The School of Medicine, Univ of Texas, 
Galveston Serum samples from a number of per- 
sons who had antibodies against yellow fever by 
attacks of sylvatic or jungle yellow fever were re- 
ceived from Brazil and tested for antibodies for 
Weil’s Disease by microscopic agglutination tests 
against Type I, Leptospira icterohaemorrhagiae 

Out of 94 persons whose serum gave a positive 
mouse protection test for yellow fever, the serum 
of SIX had a diagnostic titre of the antibodies for 
Weil’s Disease The agglutination titre ranged 
from 1 100 to 1 1 ,000 , the reaction was prompt and 
complete within two hours 

The presence of antibodies of both of these dis- 
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eases m a person made possible retrospcetive dinp- 
nosis and indicates that these 8i\ patients also 
contacted Weil’s Disease either at the time of, 
before, or after the attacks of yellow feier 

Penicillin sensitivit> of s(nph}lococciiB In \l(ro 
tests R F PAiucnn Dept of Medicine, IFfitcrn 
Reserve Umv , Cleveland The susceptibilitj of 160 
strains of staph jlococciis to the action of penicillin 
has been studied by means of a common^ em- 
ployed test Serial two-fold dilutions of penicillin 
were prepared in nutrient broth, and inoculated 
W’lth an over night culture of staphylococcus In 
parallel tests of each strain, 2 dilutions of culture 
were used, 10“’ and 10"° After over-night incuba- 
tion at the tubes were examined for the pres- 
ence or absence of visible growth The lowest con- 
centration of penicillin capable of prc\cnling the 
appearance of visible growth was recorded ns the 
inhibiting concentration 

Using the test wnth the smaller inoculum ns the 
index, it was found that S0% of the strains were 
inhibited by 0 06 units or less, and o\cr 90% bj 
0 48 units or less of penicillin, resistance being 
more or less normally distributed The results of 
the 2 tests (wnth small and largo inocula) were the 
same, or differed by only 1 tube, in about 3 In 
about \ however, the difference was G tubes or 
more 

It does not yet appear whether this sharp differ- 
ence in the response to penicillin which depends 
upon size of inoculum is due to a difference in the 
reaction of the organisms to the substance, or to 
the greater frequency of occurrence of resistant 
mutants in some strains In using a test of this 
sort, however, it is obviously important to control 
the size of the inoculum if comparable results arc 
to be obtained 

Allergenic and anaphylactogenic properties of vac- 
cines prepared from embryonic tissues of developing 
chicks I Skin sensitivity following the subcu- 
taneous inoculation of typhus vaccines in humans 
Colonel Hahry Plotz Division of Virus and 
Rickettsial Diseases, Army Medical School, Army 
Medical Center, Washinyton 12, D C , and the 
United States of America Typhus Commission, War 
Dept , Washington 25, D C Virus and rickettsial 
vaccines prepared from cultures grown in chick 
embryo tissues are being used with increasing fre- 
quency The yellow fever and equine encephalo- 
myelitis vaccines are prepared from cluck em- 
bryos, the typhus and spotted fever vaccines from 
yolk sacs while the influenza vaccine is made from 
the allantoic fluid The following studies were 
undertaken to obtain information on the possible 
allergenic and anaphylactogenic properties of 
typhus vaccines 

Only one of 180 normal adults, skin tested with 
typhus vaccines, egg white or egg yolk, showed 
evidence of skin sensitivity to the three antigens 


Tins iiidnidiial when siibscqiicntlj inoculated 
Hubcutaneoiislj with typhus vaccine developed no 
systemic reaction Of 160 adults receiving three 
subcutaneous doses of typhus vaccine, four de 
vclojK'd skin sensitivity to the whole typhus vac 
cine nlont , four to both r gg y oil and typhus vac 
cine, one to both egg yolk and egg white, and one 
to egg yolk, egg white and typhus vaccine None of 
these subjects developed a general reaction when 
subsequently inoculated with typhus vaccine In 
spite of the fact that many millions of soldiers 
hav e rcceiv cd egg embry o vaccines, the number of 
severe reactions reported have been minimal 
However, 17 severe reactions and three deaths 
have been recorded when vaccines were given to 
allergic or egg sensitive individuals One death 
followed the administration of Rocky Mountain 
spotted fever, typhus and influenza vaccines Be 
cause of this, caution should be observed in the 
administration of egg vaccines to allergic or egg 
sensitive individuals Concentrated washed ty- 
phus rickettsial suspensions, which arc relatively 
free of egg antigens, can be used ns vaccine in these 
cases 

Inhibition of glucose utilization in mouse brain 
homogenates by some viruses E Rackeh and I 
Ktumskv (introduced by C M MacLeod) DcTd 
of Bactcnologv, heicYorl Univ College of Me i- 
cine. New Yorf It was previously reported 
(Racker and Rabat, J Exp Med, 76 579,19 ) 
that anaerobic glycolysis is inhibited m mmee 
brains of poliomyelitis-infected mice Mince ^ 
brain preparations produced about 0 5 mg n 
lactic acid per 100 mg of wet weight of brain per 
hour It was then found (Racker and Krimsky, 
Biol Cliem , in press) that by omitting Na , sn 
inhibiting DPNasc by nicotinanude, ° 

mogenates produced 7 5 mg lactic acid perl mg 
of wet weight per hour i, T n- 

Homogenates from mice infected with the n 
sing strain of poliomyelitis showed an average i 
hibition of 16% in the glucose utilization as co 
pared with normal brain (average of 

experiments) Similarly', mice infected wit ® , 

strain of Theiler mouse poliomyelitis virus s o 
an inhibition of 31% (average of twenty- our 
periments) . . 

This inhibition w'as localized in , 

steps in glucose breakdown, namely the , 

of glucose-6-phosphate and hexosedip 
When the latter compound was used as su s 
no significant inhibition of its uti ^ 

found in the infected mouse brain [ * ® . jg 
grant from The National Foundation for 

Strain of poliomyelitis to normal homogenate P 
duced a similar inhibition of glucose pi^ 
phorylation 
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To imcsUgatc (ho spocifici(j of this inbibitton, 
ttto non ncurotropic Mruscs wore tested, namely 
influenza A and tobacco mosaic mtus ' Tlic same 
inhibiton effect was observed i\ith these viruses 
Inhibition varies with time, temperature and pll 
and fluctuates with different individual mouse 
brains 

The nctlTity of some antibiotics and sulfonamides 
in Tit ro and in vh o upon the agents of Ij-mphogranu- 
lonia Tcncrcum and feline pneumonitis GrormEV 
Rvke and Donorin Ilvvinr Division of Mtero- 
iiofop!/. The Squibb In^l for Medical Research, New 
Brunswick, N J In tilro onlj commercial pom 
cilhn at 100,000 u/ml had anj marked virucidal 
cticct upon the agent of feline pneumonitis Strep 
tomjcin, sulfathiarolc, suifnmcrizinc, sulfaguani- 
dinc, and p ammo benzoic acid in vitro and tn vivo 
had no effect in the concentrations used In vivo, 
penicillin in much lower concentrations prevented 
death of the embrjos infected with feline pneu- 
monitis A studj of the retardation of growth of 
the agent in the jolk sac by penicillin was made 
The agent of Ij mphogranuloma venereum was 
more susceptible to the action of penicillin 

Carbonic anhydmsc content in the brain of rats 
with thioumcil induced cretinism J ScniLLEn, 
Sallv Cons and WiNirnEO Asnnt Blackburn 
Laby , Saint Elizabeth’s Hospital, Washington 
New born rats were injected subcutaneously wath 
1 25 mg of thiourncil daily for 15 days starting the 
day after birth The dosage was increased to 2 6 
mg dunng the following 15 days after which the 
animals were sacrificed Only litter mates served 
as controls 

The efiicicncy of the drug was indicated by the 
inhibition of body weight (50% less than the con- 
trols), the inhibition in weight of brain (25% less 
than the controls), increase in the weight of the 
thyroid gland (28 5% over controls) and behavior 

The carbonic anhydrase content of the whole 
emulsified brain in thiouracil injected rats aver- 
aged 20 78 units per gram of tissue as contrasted 
with the 29 umts per gram of tissue averaged by 
the normal controls The lowering of 40% in the 
enzyme content was almost reached at the age of 
15 days as shown by another group of rats injected 
with thiouracil for two weeks only when, however, 
body and brain weight were only 10% lower than 
in controls, but the thyroid showed an increase of 
over 100% 

It 18 concluded that there is a striking parallel- 
ism between the inhibition of the thyroid gland 
functions and that of the normal production of 
the enzyme during the post-natal development of 
the rat 

Anaphylaxis XVI Studies on passive sensitiza- 


■ We wiBh to thank Dr W M Stanley for thcM two purified 
wm preparationa 


tion of the dog Noulb P SiiEnwoon, 0 0 Sto- 
EAND, J S Kina (by invitation) and D J Tenbn- 
iiEno (by invitation) Dcpls of Bacteriology and 
Physiology, respectively, Untv of Kansas, Law- 
rence According to Dragslcdt and others passive 
scnsitiration in dogs cannot be demonstrated im- 
mediately even with antibodies from the same spe- 
cies This 18 contrary to the results reported by 
Richet in 1907 We have repeatedly demonstrated 
the immediate passive sensitization of dogs by the 
simultaneous injection of antibody and antigen 
into normal dogs Follow'ing shock and the return 
of the blood pressure to normal, dcsensitization 
w ns demonstrated in each case As a source of anti- 
bodies w e employ ed w hole blood, blood serum, and 
heparinized plasma from sensitized dogs In our 
experiments 10 0 ml of hcpanmzod plasma per 
kilo of body weight of the recipient was sufficient 
for immediate sensitization In an attempt to 
determine the duration of passive sensitization in 
dogs we injected each of 9 dogs with doses of 
plasma which we demonstrated would cause pas- 
sive sensitization and tested them after a latent 
period of 72 hours Eight of the nine were negative 
In a previous paper we reported that one of 4 dogs 
passively sensitized was negative after 48 hours 
We are inclined to interpret this as indicating that 
most dogs passively sensitized with homologous 
blood lose their sensitivity for antigen rapidly 
[This work was assisted tn part by a grant from the 
Graduate Research Committee of the Univ of 
Kansas ] 

Metabolic requirements of gram-negative bacilli 
determining resistance to penicillin Gregobt 
SnwAnTZMAN Division of Bacteriology, Laby of 
The Mount Sinai Hospital, New York, N Y 
Ammo acids affected significantly the action of 
penicillin upon Gram negative bacilli Dicarbox- 
ylmonoamino acids (i e aspartic, glutamic, hy- 
droxyglutamic acids and asparagine), cystine and 
a amino acids with guamdine, glyoxaline and pyr- 
role nuclei, all possessing in common — NH group- 
ing in the nucleus (i e arginine, histidine and 
hydroxyprohne, respectively) were antagonistic to 
the action of penicillin The anti-pemcillin effect 
of these amino acids could be reversed by dl- 
methionine, the reversal being facilitated by 
methionine sulfoxide and threomne following a 
reciprocal quantitative relationship When sub- 
stances of mixed ammo acid composition (broth or 
casein hydrolysate) were used for cultivation, a 
mixture of methiomne, methionine sulfoxide and 
threonine markedly enhanced the susceptibihty 
of Brucella, Eberthella, Eschenchia, Salmonella 
and Shigella to penicillin 
Modifications in resistance to pemcillin could be 
induced in the absence of the drug by altenng the 
metabolic requirements of E coli Following a 
number of senal passages in basal medium alone 
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and in basal medium supplomcntod bj ammo acids 
antagonistic to penicillin, variants ^\crc obtained 
mIucIi dilTercd markedly in resistance to penicillin 
The changes were in inverse relation to concentra- 
tion of antagonistic amino acids in the media used 
for the passages The variants obtained from pas- 
sages in basal medium alone apparently acquired 
the ability to synthesize ponicillin-aiitagoniala 
They possessed the highest resistance to penicillin 
Variants from cultures supplemented by antago- 
nistic amino acids lost at least in part the ability 
for synthesis They showed the highest suscepti- 
bility to penicillin Furthermore, a \arinnt was 
obtained which failed to grow in basal medium 
alone It grew well when the medium was supple- 
mented by leucine, hydrovyglulamic or aspartic 
acid In basal medium containing leucine the sus- 
ceptibility of the \arinnt to penicillin was D-12 
times greater than in basal medium containing a 
dicarboxyl-monoamino acid It is suggestive that 
certain intermediate products of dicarbovy 1-mono- 
amino acids may be responsible for the an- 
tagonism 

The studies seem to indicate a relationship be- 
tween the antibiotic activity of penicillin and the 
cellular metabolism of Gram-ncgativ c bacilli 

Chemotherapeutic effect of nitroakridin and 
rutenol in rickettsial infections in eggs and mice 
J E Smadel, J C SNTDEn, H L Hamilton, J 
P Fox and E B Jackson Division of Virus and 
Rickettsial Diseases, Army Medical School, Wash- 
ington, D C , the USA Typhus Commission, and 
the International Health Division, Rockefeller 
Foundation Nitroakridin and Rutenol, a related 
drug, evert a beneficial chemotherapeutic effect in 
mice and erabryonated eggs cvperimontally in- 
fected with the following rickettsial agents the 
Wilmington strain of murine typhus, the Brcinl 
strain of epidemic typhus, the Karp strain of tsu- 
tsugamushi disease, and a strain of Rocky Moun- 
tain spotted fever 

Studies on influenza virus and vaccines W M 
Stanley The Rockefeller Inst for Medical Re- 
search, Princeton, N J Fundamental studies on 
the biochemical, biophysical and immunochemical 
characterization of influenza virus have been 
made Conditions for obtaining optimum amounts 
of virus in allantoic fluids have been determined 
and the accuracy of different methods of estimat- 
ing virus concentration has been established Dif- 
ferent methods for the purification, concentration 
and inactivation of influenza virus have been 
evaluated with a view to the development of pro- 
cedures for the large scale production of influenza 
vaccines A centrifuge method, involving the use 
of the Sharpies centrifuge, was found to be supe- 
rior to other methods for the purification and 
concentration of influenza virus The product 
•obtained by means of the centrifuge method con- 


ninlcd mainly of virus, whereas other methods 
y icldcd produrls consisting of about 20 per cent or 
Jess of virus and about 80 per cent or more of non- 
virus nmlcrmts The yield of virus and the roaxi- 
imini ronrciilralion of virus obtainable by the 
centrifuge inctliod were considerably greater than 
those obtainable by oilier methods A method for 
the large scale jiroduclion of a ccntrifugc-type 
influenza vaccine hns been developed and is now 
in use for the production of vnccinc for civilian 
use 

Allergenic and annplijlnclogcnlc properties of 
racemes prepared from embryonic tissues of de- 
veloping chicks in A study to determine whether 
chick yolk sne vaccines contained sufficient egg pro- 
teins to cntise severe systemic reactions if given to 
ogg-scnslthe Individuals AnniLn Stull This in 
vestigation was undcrtnlcn to determine whether 
cluck embryo vaccines contained sufficient unal- 
tered egg protein to elicit systemic reactions in 
egg sensitiv c intliv iduals Included also is a study 
of the scrum from a patient vvho exhibited a severe 
local reaction following the second injection of 
cnccplmlomyelitis vnccinc (DEV) 

The relative antigenic activity of chick-embryo 
vaccines, purified nckcttsial bodies, yolk sac ex- 
tracts, and fresh egg proteins w ns determined by a 
dilution method, using the passive transfer tec 
me The antigenic specificities of these prepara- 
tions were determined by quantitative cross 
neutralization of egg sensitive sera These tests 
showed that the vaccines contained egg 
in sufficient quantity and of such specificity t a 
inoculation of egg sensitive individuals with t ^ 
vaccines might induce dangerous reactions 
immunizing dose (1 ml ) of ty^phus vaccine con 
tamed about 2000 times more egg-white protein 
than 18 recommended for safe intraculaneous tes s 
The purified nckcttsial bodies were essential y v® 
of egg antigens 

Neutralization tests revealed variations 
specificity of antibodies in egg sensitive sera 
bodies in one serum wore specific chiefly ® 
white — in another, for both egg white an 
yolk In the mentioned case, m which 
was induced by inoculation with EEV, anti o 
were detected for yolk sac, egg yolk, and pro 
also for chick-embryo, but none was detec ® 
egg white This serum contained no demons 
precipitin and did not transfer sensitiw 
guinea-pigs Subsequent to inoculation g 

this patient has had gastrointestinal dis 
with severe diarrhea after eating chicken 

Circulating antibodies and the resistance o ^ 
rets to reinfection with influenza virus 
Sugg and Thomas P Magill, Dept o} 
ology, Cornell Vniv Medical College, ® g,i,ie 
N Y Adequate information rem- 

cellular factor in the resistance of ferrets 
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fcction bj inn»cni(i \irus ib not aNnilnblc m the 
htcriturc In order to ROin information on that 
point a group of ferrets Mere infected Mitb strains 
of either influcnra "A" or ''B” Mrus, which wero 
known not to produce antibodies against each 
other Vilicn retested one week later the animals 
were found to be immune to the virus used for the 
original infection but fullj susceptible to reinfec- 
tion with the nntigcnicallj distinct virus If the 
mechanism is the same in the case of infection w ith 
those two Mruses, then the results indicate that a 
cellular factor is not inaoUcd or is invohed onl> 
to a limited evtent 

Another group of ferrets were infected with a 
strain (CC) of influenza "A” airus and retested 
SIX weeks later with the same (CC) or with another 
(11 S) influenza “ V” airus The ferrets that rc- 
cci\-cd the same strain (CC) showed no signs of 
infection Those that rcccncd the other strain 
(ITS) ga\c a pronounced febrile reaction , how ever, 
these animals had a low titer of antibodies against 
the n S strain and their fc% or w ns of shorter dura 
tion than was the ease with control animals 

Data comparing the febrile reactions of all of the 
animals with their titers of circulating antibodies 
arc presented in the paper 

The detoxification by acetylation of soluble anti- 
gens from Shigella dysentcriac and E typhosa 
Hentit P TnEFFEns, Benjamin A Rubin (by in- 
ntation), and Claike Abrams Bell (bj invita- 
tion) Dept of Immunology, Yale Univ School of 
Mcdtanc, Hew Haven, Conn Thotovioitj of avail- 
able vaccines against bacillary dysentery con- 
stitutes a senous barrier toward their widespread 
use This investigation has been concerned pri- 
marily with protection against the Shiga dysen- 
tery organism through a reduction of the toxicity 
antigenicity ratios of the somatic polysaccharide 
or polysaccharide protein antigens following ace- 
tylation of the purified materials with acetic an- 
hydride 

The LDjo of the undetoxified antigens in mice is 
about 0 20 mg , with significant weight losses oc- 
curring with 0 05 mg In contrast, no deaths were 
observed in a group of 48 mice given 3 0 mg of 
various acetydated fractions A 60 fold or greater 
reduction in toxicity is therefore obtained on 
acetylation, which is confirmed by temperature 
and WBC measurements in rabbits 

Of 44 mice immumzed subcutaneously with the 
toxic, unacetylated antigen, 3 (7%) survived the 
challence dose of Shiga orgamsms in mucin, of 93 
ammals immunized with the antigen acetylated 
four hours or less, 19 (20%) survived challenge, 
of 119 ammals immunized wnth antigens acetylated 
for more than four hours, 39 (33%) survived chal- 
lenge The latter represents 3 3 times the standard 
deviation and is statistically sigmficant None of 
the acetylated antigens produced agglutimns for 


Shiga, although these can readily be produced with 
the toxic antigen 

The polysaecharidc protein complex of E ly- 
phosa may bo similarly detoxified by acetylation, 
and the fractions confer considerable protection 
against the ty phoid organism [This work was per- 
formed under eontrael OEMcmr 499 recommended 
by (he CommiUcc on Medical Research of the Office 
of Scientific Research and Dcvelopmenl, and Yale 
Unto Preliminary tnvcsligalion was made under a 
similar eontrael with Harvard Univ {OEMcmr- 
170) ] 

The behavior of cndoccllular proteolytic enzymes 
(cathcpsins) in experimental tuberculosis 
CiiAULES Weiss’ and Nellie Hallidav > Re- 
search Labys , Mount Zion Hospital, San Francisco 
In the rabbit the inherent (natural) capacity of 
the organs (lungs, kidneys, liver and spleen) to 
destroy v irulent tubercle bacilli is correlated with 
the speed of hydrolysis of their cndoccllular en- 
zyuncs (Cathcpsin II) Immunization wnth non- 
virulcnt bacilli follow cd by infection w ith virulent 
organisms results in an increased capacity to de- 
stroy tubercle bacilli (Lurie) and a parallel accel- 
eration of the speed of the tissue enzymes Injec- 
tion of non virulent bacilli alone docs not affect 
the rate of proteolysis just as it failed to increase 
phagocytosis of tubercle bacilli in Lurie’s ex- 
periments 

These observations and those of Gerstl and co- 
workers for the first time permit correlation of 
organ and species susceptibility to infection with 
tubercle bacilli with endocellular enzyme activity 

Tuberculo carbohydrate, prepared by Heidel- 
berger’s method, exerts a selective inhibitory 
action on Cathepsin II derived from tuberculous 
tissue, but IS inert in the presence of normal tissue 
proteinase The phosphatide and protein (PPD) 
fractions of tubercle bacilli are also inhibitors, 
but are not selective It is possible that these sub- 
stances prevent softening of caseous tuberculous 
foci It IS known that in caseous foci tubercle 
bacilli tend to die, whereas in areas of softemng 
(cavities) they survive and multiply Since soft- 
ened areas may rupture into adjacent blood vessels 
or bronchi and thus cause dissemination of the in- 
fection, it IS important to investigate the enzyme 
anti-enzyme balance under these conditions In 
preliminary expenments, biotin and others of the 
group of B vitamins (thiamine, nboflavine, cal- 
cium pantothenate, macin and inositol) which 
accelerate growth, were found to have no influence 
on the speed of cathepsin, even though the latter 
participates in the synthesis of proteins and in 
growth processes 

1 Present address Laboiatonea Jewish Hospital Philadel- 
phia 41 Pa 

* Present address Dep*t Pediatrics University of Califor- 
nia School of Medicine San Francisoo 
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EITect of various routes of ndiuintstratlon of peni- 
cillin upon expcriiucntnl lobnr pnciimonin in rn(s 
CATiiFUiNn E WiisoN (by invitation), Anm F 
BiUNn’ (by invitation), Cahoivn W Hammond’ 
(by invitation) and Elt anou A Buss Bacteri- 
ology Section, Medical Duniion, Chcvttcal Warfare 
Service, Edgcivood Arsenal , Maryland Lobar jinou- 
moma was produced in rats bj the intrabronrbial 
intubation of mucin suspensions of tj pc I pm iimo- 
cocci The mortality in untreated animals infcrted 
in this nay u as 97% At autopsj tbcj sliowtd con- 
solidation of one or more lobes of the limps I’cni 
cillin Mas given in three uajs, i c , b\ injections, 
by inhalation of an acrobol and In pa\ ape I^acli 
animal received three treatments b^ one of these 
routes at 6, 12, and 24 hours after infection \oro- 
solization uas accomplished bj exposing S rats at 
a time in a special apparatus, to mists of knoun 
concentrations When 500 units of jienicilbn isas 
administered by inhalation or bj intramuscular 
injection the survival rates were 97 and 100%, 
respectively Approximately the same surxnal 
rate was obtained when 5000 units were given 
orally by stomach tube When the dose was de- 
creased by half, the survival rates were 75% fol- 
lowing inhalation, 4G% after intramuscular injec- 
tion of the same amount and 03% after intubation 
with 2500 units Thus somewhat better results 
were obtained following inhalation than from 
intramuscular injections of the smaller doses of 
penicillin (250 units per dose) while with the larger 
doses (500 units per dose) there was no difference 
between the per cent survivals by these tw o routes 
of administration About 10 times as much peni- 
cillin given by mouth resulted in survival per cents 
that were not significantly different from those 
obtained by inhalation or injection 
Data on blood concentrations of penicillin fol- 
lowing these doses and routes of administration 
will be given 


1 Anne F Byrne, 2nd Lt AUS 
* Carolyn W Hammond, 1st Lt AUS 


A study of the compelUlon of lecithin and anti- 
toxin for Ci wclchii alpha toxin (lccithlnnsc),usinga 
new, mnnomctric feebnique Paui C Zamfcmk 
and I’liiTr Liimann (introdurrd by J Howard 
Mueller) V manotiutne method has been dc 
xeloped whieh tests for the presence and activity 
of the Cl iirlchii aljiha toxin, rcrcntly demon 
strated to be a lecithinase This enzyme hydro 
h zes h rithin, liberalinp phosphory Icholinc and a 
dipUcende The jihosidiory Icholinc displaces car- 
bon dioxide from a biearbonatc buffered medium, 
mnl inp it possible to follow the reaction kinetics 
by ineasurinp the carbon dioxide liberated in a 
Warburg vtssf 1 

The activity of the cnzvme appears to be re- 
stricted to lecithin, since eephalin (phosphatidyl 
ethnnolnmine), phosphatidyl serine, sphingo 
my (bn, and ply eerophosphory Icholinc arc not at- 
tacked Calcium, cobalt, zinc, manganese, and 
mnpnesium activate the enzyme while barium, 
iron, aluminum, cadmium, strontium, and copper 
arc inhibitors 

This method has provided an interesting tool 
for study ing the competition of two classes of sub- 
stances (substrate and antitoxin) to combine wit 
the enzy mc-toxin, ns indicated by the following 
experiments 

(1) If toxin and nntitoxnn arc mixed for 3 
seconds, and then lecithin is added, the lecithin is 
not split 

(2) If toxin and lecithin are mixed for 30 sec- 

onds, and then antitoxin is added, the reaction 
proceeds, but is slowly' decelerated, as compare 
with the control rate , 

(3) If toxin IS added to a mixture of lecithin ana 
antitoxin, the antitoxin cannot prevent the reao 
tion from taking place at a reduced rate 

In summary, the attraction of lecithin (su 
strate) for toxin (enzyme) is sufficiently graa 
that antitoxin is unable to stop the reaction 
diately, once it has started The antitoxin m 
situation slowly applies a brake on the spec 
the enzymatic process 
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Estrogen, nature of circulating (1) f3) 

Estrogen stimulation on release of lutcmuinghormo i 

Estrogens, ass.ay of (2) 

Excretion of androgen nnd 17 kotostcroid (*) ... 

Excretion of continuous intrai cnous salt solution i j 

Excretion of glucuronio acid after glyrou (3) 

Excretion, urea, methyl xanthines and (3) 

Exercise, postural steadiness nnd pulse rate A/ 

Exercises standa^, lariability m energy <^t O‘ f I 
Ey c corneal x nsculanzation and ' 

Eye glaucoma, fluorophosphate and (3} 

Eye, kinetics of xisual processes (1) 

Eye, magnotio stimulation of retina (1) 

Eye, night xision nnd dark adaptation (Ij 
Eyo, phosphoUpids in xisunl cycle of (I) ill 

Eye, smoking nnd dark adaption of ro^ and co 
Eye, pupillary response of, to drugs (1) 


42 
33 
65 
21 
31 
4 
6 

44 

33 

119 
19 
109 
9 
145 
99 
143 
147 
147 
255 
130 
24 
65 
117 
8 

23 
103 
182 
197 
81 
115 
178 
166 
19 
111 
24’ 
150 
61, « 
IIO 
81 
60 
94 
68 


Fat, liver, inhaled methyl disulphide and (1) 

Fatigue nnd breath holding ability W 
Fatigue, bioelectncal studies of (1) 

Fertilization of eggs (1) , , ..„«mviilnted egS 

Fertilization, spermatozoa required for, supe ^16 

Fluorone derivatives and caremoCTnio activity (3) 
Fluoroacetato, pharmacology of (3) .„„.»,nns f3) 

Fluorophosphate and physostigmme mteractions i 
Fluorophosphate m myasthenia 
Folio acid and feather pigmentation J 


313 

187 

172 

124 
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FrostbUe Rtid *\ir<“rfjcW winxste btood r«wcls (I) 
FreoVbUe, palhotoj^ o( (4) 


CwnMocytr' In % ilro dcvtloptncni of (S) tC4 

Gwlnc pocrcUon nftcr Introduction of fluids into inlwUno 
« a> 30 

G«uitm trf?^ WfUinc points of f2) 13fl 

Gluconic Rcjd in poUTincchrindc of moss (1) 100 

Glutsinic scjd Hccarwxjlftso in plnnls (2) 152 

Gowul pituitftTj mlstionsfiip (1) 43 

Gonadotrophins^ nntlhormono mnctlons of (II 31 

Gonadotropic thcrapj complicntod b> antlhormono forma 
^ tion (1) « 

Gramicidin formnldchjde dcnxfttncs of (2) 134 

Granulocjies ommoncldsln production of (2) 143 

Granu forces cfleclsof (1) SO 

Gravity lofcranco of man (1) 50 

Groteth civlone intnkc and protein uilUration (5) 2^3 

Growth, excess nicotmamufo and (5) 231 

Growth factor ewntmf (2) 137 

Growth factor in cow manure <2) 151 

Growth inhibition mlh methionine autfoxido (2) 123 

Growth of deflctcnl diet bt use of h> droponlcs (5) 230 

Growth of entameba histoli tica (2) 177 

Growth leslicutar atroplij and tocopherol (4) 224 

Growth^ uiudcnUficd cssenUaf factor for (2) 123 


Heannj; lofts from exposure to loud tones (1) 22 

Brart and lunj^s transport of T 1S24 and radioactive red 
cells throuRh (1) 23 

Heart and rtapiralor^ roovemenla, RocntRcn ki*mo{:rapha 
of Cn 10 

Heart and vascular mflammntion non bacterial (4) 225 

Heart border motion cicctroVvjTnotrnins of (1) 0 

Heart, cardiac component o! onentmg reflex (1) S7 

Heart chloroform action on (3) 196 

Heart elcclrocram after plasmochm (3) 170 

Heart electropram in man oanide and (3) 2|2 

Heart failure and its mechanical e(Ucienc> (U 53 

Heart failure and mcrcuhv dnn (3) 193 

Heart, (alipued and cardiac pU coside (3) 200 

Heart, fibnllation and atandstiu in <t) 41 

Heart frog response to barbiturates (3) 181 

Heart |:l>'eogen and blood ketone levels (1) 59 

Heart uregulanties and cbloro-ctb>l nmine (3) 195 

Heart, uolated and adenooine-triphosphalc (3) 170 

Heart isolated and cthj I alcohol (1) 109 

Heart lung preparation and dimclhvlamino-ethanol (3) 177 

Heart rausefe odenesme tnpbosphatcactivitj of (3) 269 

Heart muscle and eoumtngine (3) 15S 

Heart output b> ballistic method (1) 75 

Heart pulse volume determinants (l) 62 

Heart Q T interval m various apecica (1) 87 

Heart tecoveT> index foctora lU <l) 53 

Heart response to abrupt deceleration (1) 65 

Heart etroUe volume arterial uptake and pressure pulse 
contour (1) 85 

Heart tachometer for continuous recording (1) 102 

Heart toxialy of local anesthetics (3) 165 

Heart work turbulent flow factor m (1) 197 

Heat accbmaliiation to (1) 94 

Heat and humiditv jut mov ement and human response to, 

^ ( 1 ) 70 

Heat and humidity extreme effects on man (1) 104 

Heat death and mjury, toxic factor m (1) 43 

Heat loss by air mov ement m clothed and nude men (1) 76 

Heaticesbj man. measurement of (1) 40 

Heat thermal balance of men working in severe (1) 88 

Hemoglobm>«iime solutions used clinically (1) 2 

Hexylammes potentiating and pressor action of (1) 62 

Histamine anti and anti anaphylactic agent (1) 93 

Histamine anti pharmacology of (3) 202 

Hotomine drugs anti and bronchial spasm (3) 176 

Hiatammo oxidase (2) 144 

Hormone, adrenocorticotropic assay of (3) 200 

Hormone pituitary adrenocorticotropic (3) 20D 

Hormones sex.effcctof.oncastrate fcmalechimpantcofl) 16 
Human centruuge operation (1) 3 

Hydantoinates anticonvulsant (3) 205 

Hydrogen ion indicators and buffers slide rule for (1) 57 

Hydrogen ions and titratable acid m urine (1) 81 

Hsdroxykelo acids (2) 150 

Hypotension reactions to cross tranafuaion (I) 43 

J 

Icterus physiologic of newborn (1) 30 

immunochemistry of blood group A(6) 249 

rafluema A. virus infection (4) 225 

inhibition arid© of aynthetic activity (1) 99 

Insubn action (3) 189 

Insulm and organic phosphates (1) 47 

Haulm and oxygen consumption by bver slices (2) 131 


Insulin fibril formation (1) 111 

Insulin loNcl and lipoRoncsla (2) 167 

Insulin, loss of potency of (3) 181 

Insulin production by perfused pancreas (1) 2 

Insufin fceLitance in owls (3J 201 

Intfstinat activity and nntihlstamino (I) 48 

Inte-itmal activ ily effect of aniispasmodlca and nembutal on 
( 1 ) 101 

Inleslmat mucosa, color of, affected by food and psychic 
stimuli (1) 30 

Intestine benrilate nnd actnit> of (3) 210 

Intestine, cfeclncai and mechanjcal events in Cl) 116 

Intestine muscle histamine and potassium (3) 169 

Inlrnthorncic pressure, circulatory cffcola of local varmlions 
in (1) 11 

Irradiation and pharmacodynamic reactions (1) 59 


Kidney activity and blood pressure (1) 69 

Kidney bound ammo N m unne (2) 118 

Kidney diuresis by mtrav cnous infusion of unne (1) 65 

Kidney excretion and rcabsorption of bicarbonate (1) 82 

Kidney otcrction m alkaptonuria (2) 336 

JiWney excretion of cincbonji alkahids (1} 48 

Kidney excretion of corlicoid hormones (2) 159 

Kidney excretion of mercury (3) 197 

Kidney excretion of thiamine and pyramm (2) 328 

Kidney function and liypcrtcnsion (I) 68 

Kidney function and reaponso to pressure breathing (1) 24 

Kidney function m rats (J) 66 

Kidney function influenced by w'utcr, onacstbetia and diu 
reties (1) 29 

Kidney clomcruU permeability for proteins (4) 227 

Kidney hyahnued glomeruli by admmiatraUon of urethane 
(4) , , 220 

Kidney ischemia damage (I) 80 

Kidney metabolism m renal hypertension (1) 84 

Kidney output of ammo acids with carbohydrate feeding (2) 118 
Kidney renal cleaninco of thiosulfate (I) 33 

Kidney renm and constriction of opposite renal artery (t) 108 

Kidney scorbutic and alamno oxidation (2) 162 

Kidney tubule secretion of creatinine (2) 123 


Lactic acid microdiffusion method in analysts (1) 
Lactone antibiotics (3) 

Leg deformity m brooder raised chicks (!) 
Lcucopcma, transient method of observing (1) 
Leukocytosis promoting factor of exudates (4) 
Lipid mustard compounds (2) 

Lipids photolytic from visual pigments (1} 

Lipids tissue, m essential xantnromatoeis (4) 
Lipids tissue, on low fat diet and chylous oscitea (5) 
Lipoprotein of egg yolk (2) 

Lipotropic factors (2) 

Lipoxidasc soybean, activator for (2) 

Lipoxidose, soybean and hemm proteins (2) 

Liver anaerobic glycoIyBis in (J) 

Liver and plasma phospholipid turnover in (4) 
Liver function tests (4) 

Liver fiycosen anoxia carbon dioxide and (1) 

Liver injury and sphtUng of acetylcholine (3) 

Liver phospholipid synthesis (2) 

Liver slices cholesterol synthesis in (2) 

Liver tumor effects of copper on fS) 

Lysine colonmetnc method for (2) 

Lysine estimation with decarboxylase (2) 
Lysozyme, properties of (2) 


Malaria and liver function (1) 

Malana and P faluparum (3) 

Malana and serum proteins (2) 

Malana detection of trophozoites of (3) 

51alana metabolic products of antimalamls (2) 

Malana pamoqum and (3) 

Malana parasite and increased oxygen pressure (1) 

M^ana. work capacity after recovery from (1) 

Malanoi drugs anti factors affectmg (3) 

Malanal immunization in animals (6} 

Mercury poisoning renal lesions in and BAL (4) 
Metabolism, ascorbic acid and tyrosme (2) 

Metabolism carbohydrate and mustard vapor (3} 
Metabolism carbohydrate, and uncoupling of phosphoryla 
tion (1) 

Metabolism iodine influence of thyrotropin on (1) 
Metabolism nitrogen, and dietary factors (5) 

Metabolism, nitrogen after trauma (1) 
hfetaboUsm mtro^en balance (2) 

Metabolism of ammobenzoic acid (2) 

SfetaboUsm of aminofluorene (2) 

Metabolism of androsterone (2) 

Metabolism of cinchonine <2) 
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Metabolism of dcliydroisonndrosterono (1) 49 

Motobolism of excess nicotinamide (2) 131 

Metabolism of isopropjl alcohol (3) IM 

Metabolism of preRncnolone (1) 79 

Metabolism, oxidntix 0 pntli«n\ forpjni\nte(2) 120 

Metabolism, porpliynn, and diolarj protein {H) 237 

Metabolism, tissue, and phjsioloKical actlMtj (1) 67 

Metrazol ns antidote for pentollinl (1) 215 

Metmsol, central excitatory effects of (3) 20S 

Methods, iraproxemcnts in (2) 135 

Milk, fluorine of, and dental caries (1) 67 

Jlorphinc addiction and conditioned resjxinses (3) 211 

Jlorphino addiction and decortication (3) 212 

Muscle and ncr\ e chances in prolonrcd h> pertonas and con 
tracture (1) 31 

Muscle chances related to pressure (1) 6S 

Muscle, cutaneous, radiant thermal stimulation of (1) IH 
Muscle dcncrxation ntrophj and massace (1) 102 

Muscle fatiGue, factors in (1) 39 

Muscle, frequenej intcnsitj curses in dciicrsatcd (1) 57 

Muscle inncrtntion, delimitation of (1) 71 

Muscle membrane dunne contracture (1) 6S 

Muscle, oxjGCn consumiition in stimulated, rapid bursts of 
in (1) 21 

Muscle proteins in muscular atrophies (1) 27 

Muscle response to acctjlcholino and ixitassium (1) IS 

Muscle, scorbutic, phosphates in (1) 49 

Muscle, smooth, adenosinctripho.sphnta'c actis it> of (3) 202 

Muscle, speed of mo\ ement and nutritional state (I) Pa 

Muscle triceps surae, stimulation of (1) 109 

Muscle, aorkinc, and mcthcmoclobincmia (1) 104 

Mustards, xesicant nitrocen and sulfur, effects of (4) 221 

Myosin atpasc, nctixntion of (1) 13 


N 

Neostigmine, epinephrine and piperidines interactions of (3) 209 
Nerve actix ity, role of acetj Icholinc in (1 ) 75 

Nerx e and muscle tetmethj 1 ammonium bromide and (3) I6I 
Nerve axon acetylcholine formed bj acetj lose (2) 122 

Nerve axon permeability to fluoropliosphatc (3) 109 

Nerve cells, humoro clcotrotonic aclivitj of (1) 32 

Nerve conduction and fluoro phosphato (3) 172 

Nerve, DC potentials and d>'stunction of ulnar (1) 36 

Nerve degeneration and rcccncration (1) 25 

Nerve deprived of blood Buppb (1) 37 

Nerve fibres, oholinestcraso in (1) 01 

Nerve ganglia and sympathomimetic amines (3) 192 

Nerve ganglion, action of ammonium bromide on (3) 107 

Nerve ganghon depression with piperidines (3) 186 

Nerve neurons, action of adrenalin and acetylcholine on (1) 100 
Nerve neurons, dcalferenated, and inherent tonus (1) 65 

Nerve, origin of spike potential of (1) S 

Nerve properties near killed tissue (1) 89 

Nerve, resting potential of, and sulmnihmidc (1) 93 

Nerve spinal cord, asphyxia and depolonzation in (1) 41 

Nerve spinal cord division, status of man with (1) 82 

Nerve spmol cord reactions to laminectomy (1) 80 

Nerve spinal cord transection and reflexes below (1) 91 

Nerve spmal reflex patterns (1) 08 

Nerve sympathetic ganglion cells, after discharge from (1) 60 

Nerve muscle transmission, fluorophosphatc and, in mjas* 
thenia gravis (3) 182 

Nervous system and oxygen consumption (1) 11 

Neurohumoral stimulation intra and extracellular oH in (1) 27 
Neutron activation of tissue elements (1) 20 

Nicotinamide and carbon tetrachlonde poisoning (2) 140 

Nutrition and chohne related compounds (5) 235 

Nutrition, effects of choline on (5) 243 

Nutrition, effects of streptomycin on (3) 177 

Nutrition in children of Mexico City (6) 235 

Nutrition of mother and hydrocephalic young (5) 238 

Nutrition, over, and ketosis (2) 141 

Nutrition, problems of world (6) 232 

Nutrition survey in Puerto Rico (5) 239 

Nutritionolimprovementof cereal flours and grams (6) 241 242 


O 

Obesity, activity and development of (1) 

Obesity, oxygen consumption m (1) 

Ouabain elimmation and nephrectomy (3) 

Oxidase, l-hydroxy acid (2) 

Oxidation, acetoacetate, intermediates of (2) 
Oxidation reduction of methylene blue and orcein (3) 
Oxygen, high pressure of, and motor disabiUty (1) 

P 

Pam, analgesic action of propane (3) 

Pam, referred somatic, without segmental pattern (1) 
Pam thresholds and intravenous histamine (1) 

Pam thresholds and neostigmme (3) 

Pom, traumatic, factors m (1) 

Pamaqum and hemolytie anemias (3) 

Pamaqum, ontimalarial activity of (3) 

Pamnquin metabolism mfluenced by qumnerme (3) 


12 

12 

187 

122 

126 

205 

8 


178 

106 

89 

202 

111 

176 

207 

185 


Pamaqiiln, occiiirmco of Ictiropcnia (3) 217 

I’amaqiilno naphlhoato as rnalarinl proph} lactic (3) 244 

Pamaquine, qiiinacrinc, quinine tiLsulfate and plasmodium 


Infection (3) 

Pamaqiiinn with quinine, mclhcmalhumlncmia (3) 
Pfclincstcra''c s(>^cificitj of plants (2) 

Penicillin, action of (2) 

Penicillin in lobar pneumonia (6) 

Penicillin resistance of cram negative bacilli to (6) 
Penicillin scnsilivit> of stniihjlococcus (6) 

Penicillin toxicitj of (I) 

Phlebitis, jiigiilar ( 4 ) 

Phosgene anil exercise blocxl ga n and alv color air after (I) 
PhjTuologiral standards fl) 

Pitiiltnr> and r-oiliiim chloride, diuretic actions of (3) 
Piliiitarj extract, ivsa> of (3) 

Piliiltarj rcnolropic clfccl of (2) 

Plasmoehin and sj mtiathctic reflexes (1) 

Plasmochin antimalarinl clinical iisoof fl) 

Pla mo<piln in iiKsmodiiim infections (3) 

Poliom> clitis, spinal fluid pmtem in (4) 

Pollomjchtis virus and dclicicnt diet (5) 

Posture autonomic and elcctrocneephalograpliic effects of 

, 0) 

Potasmrn, human tolerance to (I) 

Pregnenolone anticonvulsant effect of (I) 

Priscol rhnhncrgic action of (3) 

Prostigminc action of (3) 

Prootigmine efimfnation of (3) 

Protein h> drolve-atcv m Intravenous feeding (2) 

Protein hjdroijsatcs oral administration of (I) 

Pro'cin Intake and pjTidoxinc dcricienc> (5) 

Proteins action of t> rosina o on (I) 

Proteins streptogenin and nutritive properties of (5) 
Protoporpliv rin determination (2) 

Pyrogen of liactenal polysacchando (1) 


210 

167 

145 

142 

255 

253 

252 

63 

2'’4 

31 

61 

179 

162 

137 

193 

19 

135 

213 

234 

21 

54 

71 

216 

193 

199 

134 
14 

229 

It) 

243 

135 
6 


142 


40 

113 

231 

130 

219 

222 


Quinine nvitammooLs and mo'ihtj (2) 

R 

Railar measurements of rates of free falling bodies (1) 
Radioactive ions and placental permeability (I) 

Radioactive iron absorption of (5) 

Radioactive iron in study of iron metabolism 12) 

Radioactive iron, utiliiation of (4) 

Radioactive isotopes and radmtion of specific tissues ( 4 ) 
Radioactive methods in following intravenous “flo'““ 
particles (4) 

Radioactivo phosphorus after thyroparatliyTOidcctomy {-) 
Radioactive phosphorus and phosphate exchange m bone t-l i« 
Relaxation, latency (I) ,,, 

Respiration nnd circulation after intravenous mtrogea tn 
Respiration, breath holding time (1) 212 

Respiration effect of mcthcmoclobincmia on (3) ^ 

Respiration, intrapulmonnry mixing curves and (1) . 

Respiration, pressure v olume diagram of thorax and lung t ) 
Respiration, treatment of carbon monoxide asphyxiation t i 
Respiration voluntary ventilation capacity (1) 

Respiration with intravenous NnCN (1) — ,„ot 

Respiratory ability of nncsthctiied men to breathe agains ^ 
pressure (I) 77 

Respiratory alveolar mr nnd performance (1) 24 

Respiratory and cireulatoo response to ■ /,\ 97 

Respiratory asphyxia of newborn nnd pentobarbiw 11/ ^ 

Respiratory breath holding time in anxiety states „ 

Respiratory exchange after pancreatectomy nnd ovusce y 

(1) 96 

Respiratory half-ccntcrs, interplay of (1) .. 114 

Respiratory negative mask pressure m free fmung t ! jy 

Respiratory partial pressures in alv eolar air fy uvria fl) 93 
Respiratory resuscitation from carbon monoxide aspny v . 
Respiratory system, mixing pases in, with nitrogen m jl 

Respiratory’ water loss at altitude (1) fl) ^ 

Riboflavin metabolism after trauma and in conv'ales 
Ricinolato after feeding, fate of (2) 


182 

203 

203 

171 

221 

182 

101 

249 


Salicylamido, toxicity and analgetic potency (3) 

Salicylate fractions in urine (3) 

Salicylates, pharmacology of (3) 

Salicylates, prothrombinopenic action of w7 
Sarcoma-osteo, from intravenous beryllium 
Scneciomne, effcots of (3) , 

Sensory discnmmntion, two basic mechanisms v 

Serum nntifibnnolysin (6) .„™Q,nfpction(3) 

Serum, bone marrow immune, and t^panoso 132 

S77 compounds, color reaction of (2) 56 

Shook, anaphylactic, blood studies in (1; . in (1) 

Shock; concussion, cerebral lactic acid and 226 

Shock, damage to myocardial capillanes^d V ) 62 

Shook, electno, beniednno treatment of tif 103 

Shock, electro, seisurcs (1) ,,, 

Shock, hemorrhagic, alkahnizing agents m t 1 
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Shod. licmorrh'ii;»c nnd Ischcmjc clcctrocirdloRmphlo 
chanirc-^ in (1) 

Shock, hcmorrhncic nml rrnnl function (1) 

Shock hcmorrhnRic morphmo during roco\crj 

from (t) 

Shock hcmorrhtunc t'ort'xl vrc^'uro m {W 

Shock hcmorrhfutic trcntmcnl nilli nntilu'^t'inunL (1) 

Shock, L^chcmic comprr^-<»on toxic factor In (1) 

Shock post traumatic nnunn in (1) 

Shock tourniquet captlHrj circulation in (4) 1 

Shock, traumatic nfferent ncra-oua factor in (1) 

Shock traumatic, local nroccesoa in (1) 

*^hock traumatic toxic factor in (3) J 

Skin, intradcmial n hcalji (3) 194 

Skin penetration of mercur* (2) 

Smoke cirirct effect of on rata (3) 

Sodium succinate as analeptic in man fll 
Spermatozoa phoaphata.o nctiMtj of (1) 

Spinal cord injury In Runshol a-ounds to xertebrao (1) 
Siara*ation m man and metabolism (1) 

Starvation semi and excretion of xitamins (1) 

Starvation semi nnd Rostne emptj ins (1) 

Starvation semi and ox>p?n intake (1) 

Starvation semi and axiTk capacitx (1) 

Stan*ation semi elcctrocardiORmpfuc chanRca (11 
Starvation semi, specific rtimix and bodx fat (1) 

Star\*ation 6um\*al and metabobe rale (1) 

Steroid excretion (2) 

Stcroida 17 keto (1) 

Sulbestrol monomethjl ether (1) 

Stomach nciditj influonco of xnno on (1) 

Stomach and mtcstinal motililj after hcmorrliasc (1) 
Stomach calcium m mucua of (1) 

Stomach cmpt>mR and anoxic anoxia (1) 

Stomach cmpt>ani» time and chloral hjdmto (1) 

Stomach potentials onpin of, between submucosa and mu 
cosa (1) 

Stomach secretion and carbon dioxide (3) 

Stomach secretion of and endoennes (I) 

Stomach mtcatino absorption of iron femtm and (2) 
Stieptomjxm bactcnol action of (61 
Streptomj cm promm and tubercle bacilli (3) 

Streptothnem and anatomic chansca (3) 

Sulfozulimidc in biotosical samples (1) 

SuUathiazole and n propj 1 carbamate on bacterial life (1) 
Sulfathiatolc penetration into cerebrospinal fluid (3) 
Sulpbodiazinc response to (3) 

Sweat and work chlondc and mtro^n balance (5) 

Sweat glands functional count of in man (1) 

Sweat content and work (5) 

Sweat secretion decline of men working in beat (1) 
SsTnpathectomy and control of circulation (1) 
Sympathetico-mimetio drugs sjTiergiam between (1) 
Sj-mpathob-tic agenta (3) 194 

Synoxial fluid, dynamics of (1) 

Syphilis senologic tests for (6) 


Teeth dietary oxalate and (5) 233 

Temperature gradients m men exposed to cold (1) 1 

Tetnnal toxins axadity for nerxe tissue (6) 247 

Tetany hyT>emeic m aircraft passengers (1) 61 

Thiol compounds reaction of (2) 150 

Thiouracil and succmoxidase and cx’tochrome oxidase (1) 105 

Thiouracil effect on thyToid and other organs (4) 219 

Thiouracil inhibition of cytochrome oxidase (1) 79 

Thyanonucleodepolymerase (2) 143 

Thymus atrophy failure of m calcium deficiency (4) 227 

Thymus nucleate and beat coagulation of albumin (2) 127 

Thymus nucleate and heat coagulation of tissue extracts (2) 127 
Thymus nucleohistono (2) 156 

Thyroid actinty and response to estrone (2) 143 

Thyroid actixrty anti (3) 170 

Thyroid hormone lymphatic conveyance of (1) 90 

Thyroidism hypo testosterone and plasma proteins (1) 61 

Tyrosme groups in serum albumin lodmation of (2) 144 

T^rosme lodmation of (2) 121 

Tissue activity cobalt inhibition of (2) 120 

Tissue basic orgamc compounds in (2) 124 125 126 HO 

Tissue bubbles at various altitudes (1) 88 

Tobacco-mosaic sera specific precipitates from (2) 146 

Toxicity atabrme etc (3) 170 

Toxicity of aliphatic acids (3) 194 

Toxicity of alpha naphthiourea (3) 174 

Toxicity of cardiac glycosides (3) 191 

Toxiaty of compounds by mouth and skin apphcation (3) 174 


loxicity of pentobarbital v-ith succinato (3) 

loxicity of px ribcnramino (3) 

loxicity of Btilbamidinc (3) 

loxicity of urea stibamincs (3) 

loxin of bomolytic strcptoroccus resistance to (3) 

Iremor static production of (1) 

1 n imn actix ity lodinntion and (2) 

Tuberculosis nucleoprotein from bacilli of (2) 
lubcrculosis scrum proteins and carbohydrate in (2) 
Tulnrcnsc B , susceptibility to (C) 
lumor chicken latent period of (3) 

Tumor implants by pcremla around (4) 

TyTamino, in Mtro oxidation of (3) 

Tymers aiscoso of mico (4) 


Ulcer prcxcnlion of. by intestinal extracts (I) 37 

Ureaaymthcsis amides in (2) 120 

Uremia by protein depletion (1) 30 

Urotbnncs substituted phenolic (3) 184 

Uric acid formation m grasshopper egg (I) 9 

Uroficpsin elimination duo to diet (1) 14 

Utenno antispasmodics (3) 183 

Uterine motility actuated by cihuapabtli (1) 79 

Uterus elcetrogrnplu of (3) 216 

Uterus, in x u o motility of (3) 172 

Uterus imtabibty of (3) 171 

Uterus pregnant, inhibition by epmephrm and hypogastno 
stimulation (i) 23 


Toxicity of DDT (3) 

Toxicity of dially 1 phtbalate (3) 
Toxicity of fluoropnosphate (3) 


Toxicity of HCN and methemoglobmemia (3) 
Toxicity of local anesthetics (3) 

Toxicity of octm (3) 


Vaccine ty phus rickettsial antigen from (2) 129 

Vaccines allergic and nnaphylactogcnic properties of (6) 

245 2o2 2o4 

Vaso-depressor compounds pharmacology of (1) 60 

Venom scorpion phy’siological actions of (1) 23 

Vims and xuiccincs of influenza (6) 254 

Virus influenza and ultrax lolct irradiation (6) 248 

Virus inhibition of glucose use by brain (C) 252 

Virus paoilloma, of rabbit (6) 245 

Virus poliomyelitis from stools (6) 2o0 

Vmiscs bacterial actuated by amino acids (1) 2 

Viruses of infectious hepatitis and serum jaundice (G) 248 

Viruses pneumotropio in respiratory disease (6) 249 

^ itamin A, absorption of m ester and alcohol forms (2) 129 

Vitamins ^1 and Ar m retina (2) 153 

Vitamin A determination (2) 155 

Vilnmm A in fish lu cr oils (2) 155 

Vitamm A loxels m plasma (I) 74 

Vitnmm A pro requirement of hens (5) 243 

Vitamin A storage and diet (2) 148 

Vitamin A storage beta-carotene and (2) 127 

Vitomm oscorbic acid distribution in blood (2) 151 

Vitamin ascorbic acid in rax\ carrots (5) 233 

Vitamin ascorbic acid metabolism of (5) 238 

Vitamin B and carbohydrate utilization (1) 38 

Vitamin B studies mth different carbohydrate diets (6) 240 

Vitamm Bt bioassay (5) 239 

Vitamin biotin affinity of axidm for (2) 160 

Vitamin biotin deficiency (5) 232 

Vitamm biotm in tissue metabolism (2) 143 

Vitamm biotm in treatment of progressive paralysis (5) 240 

Vitamm C of orange juice (5) 230 

Vitamm massu e doses of (2) 148 

Vitamin niacin deficiency failure to produce (5) 230 

Vitamin nicotmio acid excretion (5) 231 

Vitamin mcotmio acid excretion and tryptophane (2) 154 

Vitamin pantothenic acid storage in mouse (6) 229 

Vitamm pantothenic acid, tissue and diet (5) 237 

Vitamm pyTidoxine deficiency (4) 222 

Vitamin pyTidoxme deficiency and resistance (5) 229 

Vitamin nboflaxun deficiency and carbohydrate metabolism 
(6) 236 

Vitamin nboflaxnn excretion and nitrogen balance (5) 237 

Vitamin riboflaxnn from yeasts (5} 238 

Vitamin nboflavm unnary excretion of (5) 228 

Vitamin thiamm from yeasts (5) 236 

Vitamm thiamme in nee (5) 235 

Vitamm thiamme requirement of infants (2) 138 

Vitamm utilization m lactatmg women (5) 239 

Vitamins B effects of on proteinases (4) 223 

Vitamins renal excretion of (2) 139 

Venoms snake and prothrombin time (I) »■ 68 

Vomiting mtrovenous glutamic acid inhibition of (I) 89 


Wound potenti^ and hewing agents (1) 


X ray diffraction in gallstones (2) 
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AKSTIIACTS APPKOVED BY THE SECRETAKIES RECEIVED TOO LATE FOR 

PRECEDING ISSUE 


rilYblOLOG\ 

Iitnucncp of o^cr-^cn(lln(Ion on (lie rnrdio* 
>n'-culnr rclkxes of cnroliil minis origin C lli\- 
M\Ns, 11 I'wMiit uiil A V OsTtsDL Depart 
vicnl of Pharmacology, Uiurcrsity of Ghent, 
Belgium In prcMous c\pcrinionts (C Hejmnns, 
J J llouckncrl and A Sninnn, Arch intern 
plinnn icodj n IS 157, 1931) nc Mere able to sliou 
tint acnpuic blood Ins no inflncnce ciUier on the 
tone or rellcx c\ritsbibtj of the \ntsl ind sjm- 
pnlhclic csrdio regiil itorj centers, or on the 
pcriplicril e\(ilibilit\ of the vagal and sjinpi 
(lictu inncriations regulating the heart rate 
Carbon dioxide is considered as necessarj for 
the norm il fiinelion of (he \ asoconslrief or renter 
The inltucnre of o\er aentilation on the \ asoinotor 
reflexes of cirolid sinus presso sensitne origin 
nas iinestig ifcd in a niinibcr of a agoloinized dogs 
inesflictired Midi (blorilosme Tlie elTercnt 
arteries of both e irolid sinuses More lig iled, e ire 
being taken not to soaer the presso sciisitiae in- 
neraalion The ecpli iIk ciuIs of the eoininon 
carotid arteries aaerc coiiiicctcd aaitli i pressure 
deaico B\ me ms of this tedinique, the bjdro 
static pressure inaa be iiiereiscd or deireistd in 
the eirculatorj isolated but oiila presso scnsitiac 
inneraaled carotid sinus The reflex influcnees 
on the peripheral ansoiiiotor tone and on the 
general blood pressure aaere registered both under 
normal artificial rcspirition and during oacr- 
acntilation 

lYc liaac obsoraed that over aeutilation, in- 
duced ba artificial respiration aaith a fast rale but 
aaatli a normal stroke, proaokes in the majority of 
the animals onlj a slight or no fall of the blood 
pressure, although the oacr aontiHtion caused a 
marked alkalosis, let an) and piolongcd apnea 
If, during the oaer acntilation, the intra carotid 
sinus pressure a\as raised, a ver) marked pcriph 
eral aasodilatation aaith a deep fall of the general 
blood pressure occurred The reflex vasodilatation 
and fall of blood pressure avere identical aaith 
the normal reactions occurring in the same ani- 
mals under normal pulmonary aentilation From 
these and previous exTienmontal observations it is 
concluded that the carbon dioxide of the blood is 
not neccssar) for the maintenance of the tone and 
the reflex excitability of the vasomotor and 
cardio regulator) centers 
Influence of (he anticholinesterase (prostigmine), 
atropine and acet)lcholine on the cardio-a oscular 
and respiratory centers C Hetsians, R P xnnieh 
and R Vekbeke Department of Pharmacology, 
University of Ghent, Belgium In dogs, under 
complete chloralosane anesthesia, the efferent 


aaseul ii branches of bolh c irolid fainusts arc tied 
at (heir origin, < arc being taken not to sever (ho 
jirisso sciisilico iniicrv ition of the carotid sinus 
Ihe cephalic ends of the common carotid arteries 
arc connected w ith a pressure dc\ ice By means of 
this technique, the cndoi ascular pressure may be 
increased or decreased in the circulatory isolated 
but presso sensitive innervated carotid sinus 
The cardio \ascular and respiratory reactions of 
the inim il to the intracarotid sinus pressure 
changes aic registered before ind after admiiiis- 
tralion of jirosligminc Doses of prostigmine in- 
hibiting noarl) completely the cholinesterase 
activity of blood scrum and blood corpuscles do 
not stimulate the respiration but ma) increase the 
\ igil heart slowing induced by an increase of the 
c irolid sinus pressure, while the reflex vasodilata- 
tion and the reflex respirator) inhibition are not 
affected 

In a second senes of experiments, the isolated 
cephalic circulation of a dog B is perfused by 
means of a dog A, the vagi lortic nerves connect- 
ing only the isolated iiorfuscd head of dog B with 
Ins trunk which is kept nine by means of artificial 
respiration The activit) of the respiratory center 
of the jicrfuscd head B and the heart rate of trunk 
B are registered Injections of the antichohnes- 
terase prostigmine in the donor dog A, or directly 
into the isolated ccjihahc circulation of dog B, do 
not increase the reflex cxcitabiht) of the respira- 
tory and cardio inhibitor) vagal centers of head B 
towards rises of blood pressure in the carotid sinus 
or cardio aortic presso sensitive areas Injections 
of prostigmine into the circulation of the trunk 
of dog B may on the contrary increase the cardio- 
inlubitory vagal response in trunk B induced 
reflcxl) b) a rise of blood pressure in the carotid 
sinus of the perfused head B 
Injections of atropine into the isolated perfused 
cephalic circulation of dog B do not affect the 
excitability of the respiratory and cardio mhibi- 
tor) vagal centers towards reflex stimulations of 
carotid sinus or cardio aortic origin Atropine, 
acting on the cardio inhibitor) center only, also 
does not affect the direct excitability of this center 
towards nicotine or acute anemia 

Injections of ncet)lchohno into the cephalic 
perfused circulation provoke an intense stimula- 
tion of the respiratory and cardio inhibitory 
centers These stimulations are mainly of a reflex 
origin and are due to the excitation b) acetylcho- 
line of the chemoreceptors of the carotid glomus 
After exclusion of the carotid chemoreceptors of 
the perfused cephalic circulation, onl) ver) high 
doses of acet)lehohne have a direct stimulating 
263 
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ri;DLi{ moN rno( T,i,ni\c,s 


cITclI on llio ic''])!! lion mil i iiiilio mlninlon 
\ngnl lonltrb 'J'liisc iclli \ nnil diiiil (cnlril 
clTccts of u 1 1 1( liolino nii nol iilTiilnl li\ Ilit 
ccnti il ulion of iliopmc I’lo'-ligminr inlnliiH 
I lie clesi I ni lion of u 1 1 j li Iiolinc anil I Inis im ii mm t 
(lie iofle\ ind ( ( III r il effci I s of n i h li Imlini on 
(he lesinrdoiv md \ ig d (inlcis I li(> u (Ii \ 
txcdnlion of (lie Ks])n iloi\ (inlci indu(edl)\ 
inc ms of oilier bliinnliml s of I lu < In nion 1 1 [dors of 
the c irolid glonnis IS lio\\e\oi nol miii isi d 1>\ tin 
mlicliolmcstei ises es( I mi oi proslignnni 

Tliese different c\i)crmicnlal oli^-i n ilioiw ion 
ceining llie mllnenre of lli(> i liolmi sli r tse pio 
sLiginme, of itioinne md n oh li liolinc on llii ri 
flt\ and illicit CNCilaliilily of (In \ isoniolor, 
icbinialory md caulio inlnliitoij % ig d < i idi rs 
are not in f ivoi of llic (licorj of lln roll of i 
tholineigii (licnnc il incilialor in lln I r iimni'-sioii 
of excilaliona in these ji ii Is of Hit 1 1 nl i d in rvoiis 
system 

Proicclioii against accelcralori forri s 1)> CO 
inhalation L Van Minnn bwouiii (In nnililion) 
and S W Bum on Plnj'.ioUiritcal loboinloni, 
Univctsihj of Vnginra Medical Sthmd Inin isod 
tolerance to positive itccleratorj font s li is In on 
demonsi r ilcd w illi inonkc\ b, i its, md dogs w hn li 
inhaltd COVO 2 nn\lincs litfore and dining tin 
icceloi 1(1011 Bi iclii il ultriil picssiirc, LK(., 
and LEG wcie continuoubli rccordtd in inori (hm 
200 exposures of 30 ininnls 13-20% CO- in 0- 
administcrcd (at sea level) to monkejs for IS-ISO 
pcconds, or to dogs 50-1S0 seconds, prc\tnttd 
about 40% of the blood pressure changes ordmarilv 
obseived at 4 “g” per 10 second exposure Winn 
this nnxtuic vas inhaled for moic (h m 300-100 
secondb the bcnefiiial elTcct ms losl 

PHARMACOLOGY 

Measurement of cerebral blood flow and cerebral 
oxygen consumption in man Sexmouu S Kill 
and Caul F Sciimidi Laboraloiy of Pharma- 
cology, University of Pennsylvania, Philadelphia 
(Motion picture demonstration ) The course of 
an experiment is shown in which the mtioiis oxide 
method (Am J Physiol 143 53, 1945) vas used 
to estimate the effects of inhalation of 10% O;, 
which were to increase cerebral blood flon by 35% 
with no change in cerebral 0- uptake xvhile mean 
blood pressure (directly recorded) fell 10 mm 
Part of a siimlar experiment is shonn in which 
peutothal intravenously in light anesthetic dosage 
decreased cerebral blood flow by 34%, decreased 
ceiebral 0- uptake by 44% and did not change 
blood pressure In another experiment ladioactive 
krypton (Kr"^) and N-O were inhaled successively 
and the flow' estimated from blood samples taken 
during saturation mth N-O was compared with 
that calculated from othei samples collected dur- 
ing desaturation with Ki * The two were identical, 


iiidii ilmg lhal lln io|iibiIil> (iii(Iiii(iil of hr* 
III 111 ! brim III \i\o I' Ihi ' itiii ai lhal of A 0 
\( III! mil Imii 111! Kr' III lln brain was iin is 
iiiid dm I 111 and lln (lou i ihiilnliil from lias 
iiinl lln \ \ Kr* dilTinnin waa foiiinl In agric 
( In 1 1 \ V ilh III il ( iliin ill d from lln \ V A 0 
diffi ri 111 I a 

Gardlnviisriilar tfTirlb of ci rlnin nlipiinlic s)ni- 
palliomiriii lir nminis Dwio 1 M \inii (intro 
dim d b\ (' I) 1/ ill) hi pi of Phnnnarnlogy, 
Sihiiol of Midiitin, 111 t \ irgtntn IJnntr^tli/, 
Moupiutoun I I It xy 1 iiiiiin , J In xy laniiiii , 

1 nil I In I J 111 x\ 1 iiniin , 1 iin I by I 2 hciity laniinc, 

5 nil I In I 2 In |)l v 1 mnin , 2 In jily laniini (“'Jn- 
ainiin ”), 1 1 \ i lopt nh 1 2 projiy lamiiK , anil 

2 lyi loin x\h tinl mi (Inlamini win adimnistcrcil 
intr ni innialy to iircthaim oil or b irbilalizcd dogs 
Sonii anmi iK dso nunid atroinnc or siojiol 
aniini and iiiorphmi Photokv inogr iplin roiordb 
of f( nior d or t irotid arlinil blood prt‘",iircs 
win iiiadt Willi II million Bi Gii diaplincni 
manomilirs bomi ri 1 ords wi re m idc of the rigid 
md lift hi III ml ra\ ontrii III ir blood iirrsstircs 

Ml of Ihoso aginta iinri no lln hrirl rale anil 
prodin o a jiromiil , susl imi d rm in blood jirr'-siirc 
on lln idmmisl r il ion of 0 1 lo 50 iiigni/kgni 
i In M iigtnls ill aid igom/( Iho \ isoilihlor ar 
tnily of (pitnphriin and bid mofrin llicy '>re 
onh poorh ml igoiii 'cd by y ohimbino and pipcn 
dinomclln Ibcnrodioxan (033h) and are never 
rcvcisid like oinncjihrine Repeded aiiininistra 
lion lo ids lo Iraiibiciit taclnphylaxis althougi 
Iho cffcils of a jirevioiislv stand irdircd dose 0 
opinephrmc are viiithangcd These iliplmtic 
iinmi s ai I idddncly with one mother md wd 1 
Iho jihcnalkv liimmcs such is iiiiphct inimc aiii^ 
(phciliino Mid nil iross t iclnfiliylaxis anions, 
them can be produced 

The use in blood pressure is due priniari y 
])cripheral vasoconstriction as indicated by' * 
slojic of the femoral irtctial pulse lontoiir 
the inilmon.iiy v isciil ii systoni is not constnc ci 
c in be domoiisti ited from (he right md left •e'' 
inti ivcntricular pressure records 

The obvious conclusion concerning the 
nism of action of these agents is that, 1 ° 
phctamine, they act directly on those sy'mpa ^ 
effector organs that do not act by way 
mediatoi 


NUTRITION ^ 

The effect of dietary restrictions and 
i stomach lesions and body weight 0 ™ ® 

OVE (by invitation), K Hickman an 

AHRis Rcscaich Labo>atoucs,DislilWio> 

Inc , Sociclcr, N Y 
ds have been produced by feeding Qj^jorics 
■otein, essential fat acids, pyridoxine or 
itoi mediate degrees of restrictions me 
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lo'Jions \\luch in ill r ibis iro i)n,\ciittil lij diilj 
,'tlmiiii‘.lrntinii of a loioplitiol Rigid rcblriction 
of Cnlonib ciiibLS liiiiiorrlngic Icbioiis in 

Ihc fuiidic ivi. V of tin. bloinmli vliuli vro It'-s 
iiinuciiccd 1)\ ioLoplitrol In it incut 
llic lo«b 111 Innh vciglil of rats rcslriottd to 10, 
to, JO, 10 or 0 Calorics dailj of a diet comidctc 
III all factors, c\tci)t \ it nnin E, can be iiifliicnLcd 
bj bcicral diet irj a iriatioiis A fivefold mere ihc in 
B coiiijilcN concent rat ion in the diet rcbiiltb m Icbb 
rapid weight loss « locoplicrol fed either dining 
or prior to rcbtriction c iiiscs more efliciciit uliliz i 


lion of the available food it the Inglicr c done 
IomIh and at ctllicr level of B eoiniilex snpplc- 
inciit ition llic ijpe of fat in the diet has a 
III irhtd iiiilneiue on weight loss during rostrietioii 
Weight losses lie le ist severe with hjdrogonated 
eoionnt oil in the diet, but inciease is the un- 
saliiration of the fat mere isos 
AUhoiigli there arc iiianj ajiparentlj dilTcrcnt 
and iiidepcndciit c iiiscs of stomnh lesions all of 
these 111 ij ojierate Ihrough their effeet on ammo 
acid met ibolism 


CORRECTIONS OF ABSTRACTS IN PRECEDING ISSUE 


Page 17 Cl irk iiid Torginson, iiid the following 
abstract bv Cl irk, G irdiu r, Meintv re nul Torgen 
son, where the word grain/s is printed it shonld 
read "g” meaning grivitv ici clcrition 

Page 31 G ddston and I notscher, m paragripli 
2, line 1, change 15 to “21”, 12 to “17”, line 2, 
change 07 to “99”, m line 3, change 90 to “9S”, 
m line 1, eh iiigc 1 to “11”, line 5, change 1 to “9”, 
m line 0, change 110 to “9S”, 125 to “122”, 117 to 
“IH”, m line 7, change 103 to “92”, 123 to “118”, 
m line S, 111 to “110” In parigripli 3, line 1, 
chaiigo 10 to “9”, line 3, ch ingc S to “7”, m line 
11,105 to "103” 

Page 35 Grcolej , Jorgenson, Clark, Drury and 
Hear} , where the word grani/s is printed it should 
read “g” meaning gravitj acceleration 

Page 41 Hamilton and Reminglou Correct title 
to read “Comiianson of the time concentration 
curves m arterial blood of dje injected at a 
constant rate with that of dje injected mslan 
tancouslj ” 

Page 41 Harris Correct title to read “Ven- 
tricullar fibrillation and standstill in coronarj 
occlusion, anoxia and hcniorrhagic shock” Also 
m the last line of the first paragraph and m the 
first line of the fourth paragraph the word hemor- 
rhage should be replaced bj the words “hemor- 
rhagic shock” 

Page OS Macht The vv ord optical in the tenth 
line of the next page should read “optimal” 

Page 69 Macht (second column) ^dd the words 
“after treatment, concomitant with clinical im- 
provement” to the last sentence 
Page 74 Mirskj , I ipman and Grinkcr, the 
origin of tins report should bo credited in part to 
the Department of Psjchiatrj, Michael Reese 
Hospital, Clucago 

Page SI Pinson and Chapams The w ord requis- 
ing in the last sentence should read “reqmring” 
Page 84 Raska The last paragraph should read 
“It was found that the increase in antihj perten- 


bivc aelivilj of these extracts was duo to an 
increase of linlh idialjrabh and anon diahrable 
blood jircbbiiro lowering friction Under the ex- 
perimental loiiditions the mere isc due to the 
dialjrablc fraction was greater than that due to 
the non dial} rablc fraction Hjpotcnsivc sub- 
bt iiiecs of ren il origin arc probablv the products of 
oxidative processes Thej arc formed m increased 
amounts in the i omiiensating kidnej ” 

Page 91 Pcarff and Pool In the first and fourth 
lino of the third piragraph the word three should 
read “two” 

Page 111 Klein ind Ilurwitz Lino G (in second 
column) should read “per kg and 32 mg per 100 
gill 32 imiiutcs after” 

Page 1G2 Vmbrosc and Dc Eds The w ord barbi- 
tol (line 5, second column) should read “barbital ” 
Page IC7 Blake, Zubrod and Rosciifold The 
next to the last line in the second paragraph should 
read “coelficicnt maj be given as “ 

SOX 10* ” The last two lines of the third par- 
agrajih should read “ranged from 3 to 25 mg of 
licmatin per liter with an average of 16 mg per 
liter ” 

Page 1S3 Jailer, Zubrod, Robcnfcld and Shan- 
non Line S (on the next page) should read"" 
“quinacrme concentration from 59 to 142 gamma ” 
Page 191 McOmie The followang sentence 
should be added “Dialljlphthalateisnotlikelj to 
present an industrial hazard ” 

Page 195 Nickerson, Namaguchi and Goodman 
Vt the end of fourth line from the bottom of the 
first paragraph the word p propjl should read 
"pisopropjl” The following should bo sub- 
stituted for the last paragraph “in neutril or 
alkaline solutions the j3 chloroeth 3 1 chain of these 
eoiiipouiids maj perhaps close vvath the amine 
nitrogen to form a highlj reactive ethjlene imine 
nng which is then h 3 drol}zed to the inactive 
eth 3 l alcohol derivative with the release of HCI 
Tluosulfate is knowai to react rapidE watli such a 
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ring lo form the oflivl (liionnlfiilc diiiMitivt 
invitro Prior (ro.UmrnI of an inun.il willi (Inonnl- 
fato complolclj picvcnla the a\ mp illiolj In m - 
lion, nulicaling that Uio aune u> nitons 1013 
ocoiii in viho Tlie tlicoi3 la prcMtildl lhat Hio 
clh3lomMnnne iing coni])ountl la jirolttlilN Iho 
inicrmcciiatc dircdb' invoht’d in I lie IdoiKuig 
11 IS possible llnl Riilislitnlions on llio brn/)! 
group or lib icpHcoincnt idler I In sMup illio!} lie 
piopertics of tbeso compounds 1)\ an indudne 
effect modif3ing the ring formiilton ” 

Page 211 \Va3 Line G (on the m \l p ige) ahould 
real “Ictliil dose of ihompi t line nnl\ , and llie 
oiibd of deith htemed lo bo” 


Pigi 21 t W ilsnn and 1 )( Ids ven lim s from 
enti. 111 ! uonl lliion m m iilioiild b' ‘‘fliiori aom ” 

Pagi 21‘s \iiddm III, I islibnn and Onsei The 
work w i‘i done “Ibider tin dim lion of Jlfrmin 
N Piind* 

Page 22(1 Eliiidi, Hams and Mirbns Ddele 
tin 1 isl M nil m i 

Pig( 2!') Robinson and Sii'lri r Tiie i ml of the 
lasi Ml nil m i of tia si i oiid p ir igr iph ahould read 
“< dorif s ,Vb (irotein 7fl, ( ah Him 01, iron I'l, Md- 
mill \ M, Ihmmine S2, rilioll i\in 8-S, mm in hS uu! 
asiorbii mid 'S 


NOTES ON THE ATI.ANTIC CITV MEEriNO, Mmdi 11, 12, 13, 11, 16, 191G 


The Ihirlicih mccling of flic !< deration w is 
held at Atlanlie G1I3 , N .1 , on M in h 10 IG, 
under the auspices of the fn c Philadelphia iticdicid 
schools (Hahnemann, .leffeison, Penns} Kama, 
Temple and Woman’s) and under I he < Intrntanship 
of Dr Philip Bard, Picsidcnt of the \nterieiit 
Ph} biological Socicl} The first dai (Mond.u , 
March 11) \\a& devoted lo registi ition and lo 
meetings of the varioiib ( ouncils Onihisdai tlitic 
were also non-l'edcration bcssions of (lie Ann rn in 
Societ} for Cancer Research, an informal Con- 
fereneo on Poult r}' Nutrition, and a S3mposium 
on Adrenal Cortical Hormones MectingH of the' 
8i\ constituent societies began on Tucbda} , March 
12, at 9 00 A M and continued until Fridu} , 
March 15, at 5 00 P M Tlic Ph3'siological and 
Biochemical Societies each met in four sections, 
thePhainiacological Society in Ihicc, the Institute 
of Nutrition and the Pathological ,ind finmuno- 
logical Societiefa in one each A total of nine 
B3'mposia wcio presented, each socicl}' sponsoiiiig 
at least one All scientific sessions were held in 
the Atlantic City Convention Hall At the request , 
of the piesiding officeis the customary Federation 
Joint Session, Federation Banquet and Static 
Demonstrations were omitted Entertainment 
was confined to two informal smokers at the 
Chelsea Hotel on Tuesday and Thursday evenings, 
to which tickets were sold at seventy-five cents 
each 

The total registration was 2309, of whom lOlG 
were members and 1293 non-memheib A legist ra- 
tion fee of $2 00 was charged The Local Com- 
mittee received $7906 26 and spent $5515 62 leaving 
a balance of $2390 64 for the Fcdeiation Tieasuiy 
1150 copies of the Fedeiation Program weie sold 
at fifty cents each and 885 copies of the Federation 
Proceedings at $1 50 each The attendance at 
all the meetings was unusuall}' large Based on 


prtMinis i‘\|)i rieni e, roiuim Mi'ilmg 127 to 150 
wire proitdfd for Ihret of Ihi Itioeheimstrv and 
(wn tif Ihe Phariiiai olog} Mcelions and for ail 
mil lings (p\iept the s3mposia) of the liislitute 
of Anirition and Ihr Patlmlogieal and littiiiiino 
logiral ,‘sniielies 'J'hesi rooms proied loo mi all 
ind laigi r om m wen iiroiided .is far as piw'iiidc 

'Ihi \llanlii Cih mn ling was memorable for 

siieral re isons 

1 11 wnslhelirbl loin held following Hie hftmg 
of most ri si rill ions on pnhln presentation of 
wink done in relalmn lo World War H n 
SI lenlifii sissionsand sMuposia showed the strong 
inihiencc of tins farlor 

2 It was the first meeting in four 3ears 'e 
pent-up desire for open meetings and discussions 
doiihllcss had imjiortant bearing on the uncspec 
cdh largo regisi rat loix of Federation ineni icrs 

3 11 was Ihe first meeting in which the American 

Absoiiiilion of Tmiminologists participate a 
a memhei of Ihe Fcili ration, Iherehi raising 


mher of (onslilueni soeieticb lo si\ 

1 It was the first ineeling held a( a f is 
nn a Unlvorslf^ or Medical Center 
obabl}’' accounts for the rclativcl}' 
ni of mombcis of the Federation in le 
tendance It also marks recognition ° ,^11^ 
angc of the Federation meeting from a 
mpact, lelnlivcly informal affair to a con ^ 
net ion icqiunng the services and facih 
ofcsbionil convention bureau r<„.„nii{tce 

Significant actions by the Eveculivc ^ 

d approved by all the constituent socio 
1 Appiovnl of the pui poses o ,]„signccl 

icietv foi Medical Reseaich ^ neces- 

fuither popular education legar ® j of 
;y, humane character and accomplistoen 
limal experimentation Also appr 
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nctnitir'. of tlio T ripiuls of Modicnl Rcsoich in 
Now ^ orlv S( ill 

2 Du ision (o liolil llic I'll" ViitumI Mtcliiif, in 
Ghicngo from MaA IS lo 22 inclusno nuclei (In. 
niispicos of the Unnersilj of Illinois, anti to 
npproAO Icntninelj tlic holding of the lOIS 
nipoung in New Aork Cit\ and the lOIO meeting 
in Dell oil or Sm Francisco 

3 Deeision to niso the annual assessment per 
member m all constituent societies to $2 00 

4 Vppointmcnt of Dr William II Chambers 
of the Cornell Unncrsitj Medical College ns 
I eder ition Sccrelarj -Treasurer 

') Decision to hold a loint Scientific Session 
at the next Vnnual (Chicigo) Meeting with the 
Biochemical Societi in charge of the iirograin, 
with the proMSo that no business would be trans- 
acted 

0 The following Federation Standing Com- 
mittees were appointed 

Di/eiisi of Iholntjical Karnrrh 
V C 1\ j , Ch iirman 
K F Mejer 
Ephraim Sliorr 


Inlcrnattonal Congresses 
D W Bronk, PhjstologA , Chairmiu 
A I Cnilson, Phjsinlogj 
D D \n.n Sljko, Biochemislrj 
E IC Marshall, Jr , Phnrmaeologj 
Poj ton Rous, Pnthologj 
L A MaA'nard, Nutrition 
I I Bronfenbrenner, Immunologj 
Placement Service 
H B IjCwis, Director 
Pcprcscnlalwcs Council A A A S 
G Philip Grabfield 
C Glen King 

I’etleralion Proceedings Control Committee, ns 
nominated by the respective societies 
Philip Bnid, Phjsiology, Chairman, term 
expires 1048 

C G King, Biochemistry, term expires 1948 
C F Schmidt, Pharmacology, term expires 
1947 

Morton MeCutcheon, Pathology, term ex 
pires 1917 

A II Smith, Nutrition, term expires 1949 
API ocke. Immunology, term expires 1949 


The American hishlvtc of Nulrtiion 


SYMPOSIUM ON APPLICATIONS OF THE NEWER KNOWLEDGE OF NUTRI- 
TION TO PRESENT DAY PROBLEMS 

WILLIAM C ROSE, Chairman 

THE FOOD AND NUTRITION BOARD OF THE NATIONAL RESEARCH 
COUNCIL A REVIEW OF SOME OF ITS ACCOMPLISHMENTS AND A 

FORECAST OF ITS FUTURE 

FRANK G BOUDREW \nd RUSSELL M WILDER* 


The exacting problems of todaj make it difficult 
to recapture the atmosphere which previiled at 
the beginning of the war The Axis powers in 
Europe in 1939 and 1940 were adding victory to 
lactorj , and the threat to this countrj of Japanese 
aggression was increasing by the hour Steps to 
defend ourselves seemed to lag and each proposal 
to prepare for what appeared to be the inevitable 
involvement of this countrj w as a target for attack 
bj many ignorant, confused, or evil minded per- 
sona Into this confusion came the clarifjing call 
of President Roosevelt reassembling the National 


' Russell M Wilder was the first chairman of 
the Food and Nutrition Board and is now its vice 
chairman When he resigned ns chairman, he was 
succeeded bj Frank G Boudreau This paper was 
presented at the Atlantic Citj meeting of the 
American Institute of Nutrition on March 12, 
1946 bj Russell M Wilder 


Defense Advisory Commission which had not seen 
the light since World War I, but which at once be- 
gan to plan to place this countrj in a position to 
defend itself against aggression 

It was in this atmosphere of crisis that the Com- 
mittee on Food and Nutrition, later called the 
Food and Nutrition Board, met fonts first sessions 
in November, 1940 Set up by the National Re- 
search Council at the request of the National 
Defense Advisory Commission, it was asked to 
mobilize the scientific knowledge of nutrition for 
the guidance of the several agencies of government 
which were facing problems which involved food 
nnd nutrition 

It was known in 1940 that Nazi Gernianj was 
vigorouslj applying the new er scientific know ledge 
of nutrition The Germans were aware of the ab- 
solute necessity of preventing a repetition of their 
tragic failures on the food front dunng the first 
World War Yet it seemed to be impossible for our 
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1'1 m H Vi ION’ IMiOf i 1 l>IN'(,s 


stniosuK'n (o Ix'lii'M’ iliil fotid t oiiltl |iln\ ii 
(!( ( isn (' p >1 1 111 w 11 /ill ii*. i\<> ‘-1 1 mil* pi ms fill 
I ituiiiiiiti; \\( i( ( (Hill iiipi lied iillu I ill\ iliii.id 
isj wo hid bi'cn 1)\ tlio jiiutdiiii of food sm 
jdiiscs, iho M'lj ulo i of slioitapi M'l mod piinh 
‘u ulomic Mllioiif;hit w isoliMoiis to \ii\onowilli 
*1 litUo knowledge of ongiiuning tliit tin wii 
wouldbcwonbj ilie side wlm li got tliiii lii-.| willi 
the grcilobt iinount of iMpiipim nl , im mu g'ui 
mutli ittcntion to the fut tloit stciipiiig up tin 
jnoduclion of nnclmics dopi ndi d itltmiit(l\ on 
stopping up tbo oni(ion(\ of iiioii oi tint longi r 
lionis of hboi and mere is( d stuss woiib! in ilt 
tin nofd for pi 01)01 boding piogi inisfortli( voil 
111(11 Alfliougli tlioro w IS (oiioorii to d(\(top 
spe ( 1 d g isolino uid fu( 1 oil foi tbo figlil ing pi im 
no one guo niiitli tlioiigld to Ibo furl bd to tin 
Iiiinnn engines who ni ido those pi im s Into ihi-- 
aioin, wont one ComnuLt(o of the IJo ud with (on 
sider tblo offer tiv( ness, so 111 It b\ tin tinii tin w ir 
w IS it its h( ight , so ( dl( d 111 pi ml biding pro 
gi'iins h id br ( n iiilrodiK ( d 111 iiirj 1 irg< piopoi 
tion of Aineiic m indiisln d org mi/nlions 
Many agennes bn mie iiuoind is olhii piob 
lenia of niitiition b( r mii mti nsiln d b\ w u S( iin 
nutiilion piogi mis wen widdj iimh rl ik( ii to 
explain rilionmg to th( pi ojdi md to i m oiir ig( 
the impiovcnionl of food hdnls '1 Ik Iti d f loss 
developed e\n llont ( ookmg 1 1 issi s with i niph isis 

on the piesei V ilion of luiliieiit \ dm s Ihttii md 
more genei d ]iiiblic nlucitioii m mil nl ion with 
cxUnsive use of siipenisnl uhirtising, doiiilnl 
by private industrj, bet iiiie the busmoss of i 
group in the Fedei d Go\oinmcnt, whah 1 iter bt 
came the Nutrition Progrims Brmch of the u 
Food Administration Bj 19-13 special (ognirmce 
W'as taken of the food needs of civilians b} i Ci\ il- 
lan I'ood llequircmcnts Branch of the food \d 
ministration, and the Armj in the meantime had 
ovcieomc an earlier indifference to the scioiioe of 
nutrition and was basing its enormous piogrim of 
soldiers’ rations on sound nutiitional piinciplcs 
It IS perhaps too caily to appraise the contribu- 
tion of workers in nutrition to the winning of this 
w ar, but some credit undoubtedlj is due them for 
the fact that the country has come out of the w ar 
with unusually good health icporls Inf ml mor- 
tality has continued its decline despite the wai, 
and in eontiast to the usu d expenenee in w u 
Deaths fiom tuberculosis have not meieased as 
they alw lys did bcfoie in w ai , indeed i new dl 
time low' lecoid has been obtained The figuies foi 
matcinal moitahty aie bettei than they weio 
befoie the war, and the same is tiuo for vntually 
all death rates which loflcct in any way the in- 
fluence of diet on the public health We might be 
less assured of the contribution of nutrition to 
these better lecoids weie it not that in Gieat Biit- 


iiit till fill III till -( r il( s ha‘ bfc II ( ceil more jiro 
nniiiiiid, mdimithrn ill » it\ iriiimii iital f ii tors 
( x(i pi iiiitrilioii w( n woriiiid b\ tin war 
If iii\ p II t of I he u ( (im[ili«hm( til IS to b( ( n (1 
il(d to till loud md Nut rilion Bo ird, it IS due to 
is I*-! mi I md support from inanj sourris the 
unf iilmg hi IjifidiK '■1 of Ibe Harrison and Bohirt 
(iriggi, (liiiriiifu resjuaticiK of the National 
!'(*■< irih { oiiiKil and of flu Dneion of Biologv 
md \gri( ultiiri , the ( oofK ration of th( agencicsof 
gociinimnt with whuh tlu Board was working, 
ih( support K 1 1 111 d from mdustre , and ahoce all 
( 1 m till h< 1)1 of fill mine sdriitifie rnlleagiKi 
who- idciK ought with n gularilj and who 

fri 1)111 nth c ( n as! ( d to ‘rrcf on the tedinnal 
( ommitti ' of till Board 
'J hi < oiis[ii( iioii . f uliirf s of the Board wr re two 
in indtilifc to ( ffi ( t mon significant rcsearrh, 
md sill dh r n jin m nl ition m its memhcrshiji of 
SI null Is III imlntion th m \ is mee-sari to 
jiislifc I Ik i-Mimption ill it t Ik B<) ird i mild speak 
bii till (KiiK of niilrilion of this (ountn 

1 III f iiluii moil iffiilmh to sliimil ite re 
si in h on I icdi m iiroblenis of nutrition w is due 
to 111! of fiimlH 'I'hi bv sm h jirojei Is whieh were 
spon-or(db\ till Boird wi n hiiimed illogether 
h\ funds from pric iti sounis Ofliii d uiidersl inii- 

mg of till nil tin of " tot d w ir” went f ir < noiigh 

to iinirr 1 1 i(i‘ till III I d for qiph mg i urrenl knowl- 
r dgi to the mimtiiimie of (iciliin health, hut 
not f in noiigh to i])])ri 1 1 itr tin* mid forspending 
mom j to mceslig it( tin nutrition d reiimn'incnts 
of (uilims, nor r\en for research on [irohlcms 
re! it mg to the eflii icnrx of workers who were 
making the m u limes w hit h won the war 

Ml committees of the National Bcsearch Coun- 
cil arc ai)))omted he the officers of the Council, 
md this w IS (he jirocidurc followed in the case 
of the ] ood md Xutntiou Board In making ap- 


pointments to the iioard the aim was to secure a 
group of jicrsoiis who hj \irtuc of special expen 
jnee m nutiition conibmod with a judicial tcni 
perament could interpret for the Goxernment t ic 
‘actual inform ilion (hen ax ailablc Tlic science 
nutrition cox'cis minj disciplines and so 
30 uld he done these disepihncs were leprcsen c ^ 
n the membership Commit t('es fund ion snioot i J 
mly when thou members learn to think logctier 
riie Food and Nutution Boaid had the 
hiru lilt beginning but aflci w ards hegui to opein 

'ffcctix'elj' enough to gnin t liA confidence of sex ci 
xgencies of gox'einmont As this occuued, incre 

ngly impoitant problems weie piesontei oi i 
lonsidoiation, piobloms which\in ° 

lad to be answered expeditiously oi no ^ 

Fiom this aiosc a hesitancy to change t le 
quahlj' of the Board bv introducing 
olood The argument is no longei valid sin 
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war IS o\cr and clniif^os in llic inonilirr'ilnp are 
now bdiij!; undo 

Dcvpilc llio npdih of llu numhiiMiip of tin 
Board, ntw lilood was introduced (liroii(,houl the 
w ar period bj frequent t li iiigcs in the liaison mcm- 
bersliip, In organizing now coininittccs or np 
pointing new members on old committees, and ha 
uniting mei bers of coninntteea to the meetings 
of the Board and asking them or other individuals 
to report new work or to reaicw special fields 
Mso useful m the dea olopnient of background for 
the deliberations of the Board w as a regular report 
bj the Committee on Pood Snpplj as to amounts 
of food commodities available This usinllj in 
eluded a report on situations overseas I ikcwisc 
sjmposia on nutritional conditions in foreign 
countries and at home helped to build up a frame 
of refen nee for the Board’s discussions 

To bo noted is the extent to which the inteicst 
of the Board extended bej ond the borders of tins 
count rv Two members were Canadians, and close 
liaison with Britain Ins been maintained through 
visitors in Washington from the Mimstrj of Pood, 
the Medical Koscarth Council, or the British 
Mililirj Services On frripiont occasions persons 
holding similar positions in other foreign countries 
have attended meetings and have tiken part in 
the discussions of the Board On the ollirr hand 
members of the Board have attended meetings of 
bodies dealing with nutrition in Canada and I ng 
land and have served on a committee of the 
Combined Pood Board, which reported on the 
wartime food consumption levels of Canada, the 
Lnited Kingdom, and the Lmted States V group 
of members of the Board, and through them the 
membership as a whole, was in close touch with 
the preparation and conduct of the Hot Springs 
Conference of 1943, also with the work of the 
Interim Commission on Pood and Agriculture 
which prepared the ground for the meeting in 
Quebec which set up the Pood and Agriculture 
Organization of the United Nations 

The work of the Board is recorded in its minutes 
and reports Stenotjpists’ notes are frcelj used in 
the preparation of its minutes and careful indexing 
of these minutes makes for read} access to past 
deliberations The minutes of the Board have been 
distributed to interested agencies in this countrv 
and abroad The reports of the Board, issued as 
publications in the reprints and cireul ir senes of 
the National Rtsearch Counril, hive i wide circu- 
lation These reports cover dietary allowances, 
fortification and enrichment of food staples, the 
nutrition of industrial workers, the nation’s pro- 
tein supplv , the composition of food, and allied 
subjects 

A further measure of the scope of the w ork of the 
Board is provided b} the list of its committees 


There were coinmiUccs in 1915 on cereals, fats, 
milk, piokin, diclar} allowances, nutrition of 
iiuliistiiil workers, iiiti in itioiial food problems, 
iiid rese irch personnel In iddition, special coni- 
iiiittccs were investigating nutritional aspects of 
ageing, dental canes, surv oj procedure, and other 
subjects 

The major part of the activities of the Board is 
obv loiisl} as important in time of peace as it has 
been in war, and when the war ended the question 
at once arose as to w hat should be done about their 
eontiiiinnce Indeed the question w as what should 
bo done with the Board The wartime agencies of 
government with which the Board had worked 
wore dissolving, and it was to be expected that 
I he permanent duties of the members of the Board , 
to some extent neglected while the war was on, 
would leave less time for the work of the Board 
Whatever might be contemplated, changes in the 
structure of the Board would be m order, and in 
the categor} of musts, if the Board w as to continue 
to rcprrsenl the nutritional science of this coun- 
try , Would be irrangements for tapping all sources 
of informed opinion, indeed for very close coopera- 
tion with bodies sucli as the Institute of Nutrition 
ami other scientific societies 

The jirebcnl planning contemplates continuing 
the Boird with structural changes The member- 
ship will be limit I d to 24, and members are to servr 
no longer than three years Thereafter they will 
not be eligiblf for appointment until the lapse of 
a y ear In preparation for a staggering of appoint- 
ments, one third of the present twenty -one mem- 
bers have been given a one year term, another 
third a two year, and the balance a three-year 
term of office V Steering Committee of seven 
members has been authorized by the Board to act 
for the larger body in the intervals between meet- 
ings which, by necessity , wall be less frequent than 
during the war Other committees have boon 
reorganized with smaller memberships, and the 
duties of some of them have been redefined 
Arrangements have been made to secure discussion 
of the more important problems by representatives 
of professional societies w ith interests m nutrition, 
and the advice of such societies is always to be 
sought when possible Members of committees are 
to be listed in the future as panel members of the 
Board 

It IS the business of government to develop and 
to implement nutrition policy', but the stuff from 
which sound pohev' is midc can only come out of 
free discussion by the workers in the several fields 
of science encompassed by nutrition It should bo 
a responsibility of the Board to encourage the dis- 
cussion of the basic facts affecting current pohey 
and to transmit the results of such discussions to 
the gov ernment 
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A p;ic\t slop foiw ird iii liii' iIkhi of 

(Inulviiig III mitiiliim w i'' I ilu n tin I lulnl 

\ \lions ()i uii/ Uioii on I'ootl md \niiiiiUnii 
hclocU'd Hii loim On is its One ( loi ( n ih i d ^ir 
John Ins cdlod u])on tin inonihi i non imn< nH of 
thismtenntioinll)od\ tost t uinmtton d nulnlion 
Kiunin willi fuiutions lompuihli to ihost of 
I'ood nnd \sutviltnro Oin'im/ition of l)n I infi d 
Xatioiib butli \ Rioup 01 (oininittn oi (inmid 
will lia\e to 1)0 do\(lo])td in this nnintn In 
died oiu goMinnient n mpiited to mI ihi i\ 
aiuiile 111 this iinttoi However, sni h a hod\ 

( omposed lugih of idmiinsti itois will r< (pure 
siiinlifK giiid nil ( oftlii'tvja wht(hth( 1 ood and 
\nliilion iloud is putnulailv will (pialdiid to 
piovidc 

A eoiiiein of tlio'-e who 1 diond to Ining ahonl 
ihi ici ( ntlj ( si ihhslii d I lolidNitionsOrg'iin/i- 
tiou on 1 ood and \griiiiltnii Ins linn to nnki 
(leal ih it ipiiniir} ii sponsihilit \ of igrnulfun 
IS the euliu ition, not iloni of loin or win U or 
hogs, hut of hiiin in In iltli sir John Orr has i ni- 
phasi/ed th it s il isl K I loll ol lie iniiii in ni i d for 
food IS till Ik st w i\ , Old pi i h i|is I In onl\ w i\ , 
to aHsuie a atrong iiidiiiiiig iniiultiiii, mil to 


piovidi for till welf iri of ngrieiill iir il prodiircrs 
who (Oil filnti till inijorilv of llie v orld'a 

Win 1 1 1 

1 Ills liiiiii 111 III I li for food, howi \( r, has ,i Mr> 

I oiiiph v nil ining, iiid those who in infoniied 
iliout thisinaltii ht ( HI i of tr lining in niilnlion 
f n e till gra\( ri sponsdiiiitv of hniiging to our 
siatisniMi 111' infornnlion lluv must lia\e to 
ill M lop poll! II s whnh will In hi«((l on hum in 
mad In nial ti r-- ‘ 111 h as this the 1 00(1 ind \utn- 
lion llo ltd, n ( oie tiltiti d is drserihed ahovf , tan 
willMm nthi iiiouthim ( ( of initntioinl sciente 
\ III ijoi dul\ of this hoilv ought to he the fortis 
sing of u t( ntion in ofin i d ( in les on those f u is of 
‘■Ml mi whnh the i onsi nstis of will iiiforineii 
o)nnion n girds as inilis])Misah!( for good nourish 
mint 1 or oiih with ■-iii h s( k niifii gindimi (an 
food pohi \ hi dll 1 1 ti d to satisfv mg hum in in i ds 

iJnimg till w ir food siipphi ^ w( n inuiigedin 
‘•III h 1 w i\ IS to nil 1 1 Inmi III nuals '1 he risiilt 
wishiltir ill ilth nnd prol) iIiK ‘■onie liisti mug of 
vKlorv Now 111 it \iilorj h is Ixi n won, siniilir 
(IToiis to mill h isn hum III niids for food will 
lonlnhnti snhstmtidh, wi hi lu \e, to the hinld- 
ing of 1 iHtmg pi ai “ 


INTERN VriOXVL FOOD EV \UJ VITON VOflVITJES AND TROBLEMS 


I, \ M\'\\\HD 

Conirll 


Waitimc cxpciitiiti m mti i din d food p) inning, 
for tiic armed foicis and foi the iivilim ]ioj)ula- 
tions, gave use to ( crlain piohli ms of food c\ dila- 
tion not previously appruiitid hv imlnidual 
countries in dealing w itli then ow n supplies 'J Jiesc 
pioblcms weic first encountered m the joint 
studies* begun in Ijondon in 1913 hj icprescnla- 
tivos of the United Kingdom, Canada md the 
United States, of the food supplies a\ ulablc m 
each country m relation to its nutiitional needs 
It caily developed that, apart fiom inheienl 
diffeicnecs m the food supplies themselves, llietc 
were difTcioncos in evaluation proceduies, piititu- 
larly between the U K on the one linnd and U S 
and Canada on the othoi, which wiie ddhiull to 
leconcile in such a way as to ohlam lompaiahle 
data with lespect to nuti lent supplies The gencial 
problem aiose again in 19-14 wlion a “Combined 
, Woiking Pally” lepicsenting the U K , U S , 


* Food Consumption Levels in the U s ^ Canada 
and the United Kingdom Repoit of a special Joint 
Committee set up by the Combined Food Boaid, 
USD A, Wai Food Admimstiation, Apnf 1944 
Dec , 1944 


JXHIU md SII\Ur (Supiemc lie ulquiirters 
filled D\])eibtioii u\ Forces) was set up to oval 
latf (he food sujiplics of the various countries of 
lontmental Lurope The same problem hud to he 
need later in devising procedures for evaluating 
he food supjibts for the Far ISast 
The questions here involved might now )0 
lismisscd of being of minor importanee since I 
lar IS over, were it not for two considerations 
n the first place, the United X'ltions Food an 
fgiicuUuie Organirntion (FAO) must continue 

0 f’leo tlicsc pioblenis The need for their solu lou 

1 IS v'oiecd m the iceommendatum of the Que 0 
Jonfcieiicc thnt "eaily dfeiilion be given to 
slahlishment of a (oiniuon seientifu hisis or 
he deteimmation md cvpiession of mitri no 
•idues of foods which will he fundiinien a 3 
ompaiablc as set foilh in the food eomposi lO 
all of diffoicnt eountiics, foi the impioveniet 

f the techniques of food assaj , and foi the ^ 
iiination of fmtiiei and moie lehable data on ^ 
ufnenl composition of the woild’s food 
n the second pUce, thoio aie basic scien ■ 
uestions involved, the solution of whici * 
ortant for the advancement of nutrition sci 



1< ] ATION PROCl'TDINGS 


271 


nnd pnclicc in tin. \nriou‘' iiulnnliml countrip";, 
inoludinR onr o\\ n 

V major problem irises in eonnedinn nilh 
procedures for iidculatinK the calorii \nluLS of 
foods and diets In n rucnt article (1) I ha\e 
discussed this problem with particular reference 
to the differemea betucen the U nnd U Iv 
procedures In rcMcwinR the cxperiincntal basis 
for Uwater’s factors, I-l-l, and tlieir apphea- 
bilitj, it seems to bare been forgotten bt mnnj 
that those factors, were calculated to bo appli- 
cable to the aaerage miNcd U S A diet nnd not 
to indiMdual foods, nor to mixed dicta markcdlj 
different in character from one on uhich the orig- 
inal calculation uas based The upsetting \an- 
ablcs here arc differences in gross calorics among 
nutrients classed together, such ns sugar and 
starch, nnd differences in digestibilit} of a given 
nutrient according to its source 

\pplj mg Atn at cr’s a\ crage factors to indn idual 
foods, as IS done in figuring calorics in tables of 
food composition, imohes no significant error, 
if these India idual food aalues are in turn to be 
used in arriving at the overall value of a mixed 
diet such as is customanh consumed in this 
countrv This is true because the make up of our 
average mixed diet has not changed since 
Vtvv atcr’s time in vv av s that v\ ould call for a modi- 
fication of his factors, 4-9—1 Thev frequently 
give a distorted picture, honev'er, m comparisons 
of individual foods \pplving them to experi- 
mental diets restricted to a few individual foods 
can also result in a substantial error For example 
consider the data in the following table in which, 
for simpbcitv , the calories arc calculated on a 
drj matter basis 



DIET V 

j DIET B 

Casern 

18 


Lard 

15 

15 

Salt mixture 

1 4 

' 4 

Starch 

! 63 


Sucrose 


63 

Cal calculated b 3 4-tM 

Cal calculated b> factors for indn con 

45^ 


stituenU 

468 

447 


Using the average factors, 4-9-4, the substitu- 
tion of sucrose for starch doesn’t change the cal- 
culated calorie value of the diet But actually, 
of course, sucrose has a lower value than starch, 
as Atwater’s basic individual values showed He 
■w ould have used his indiv idual factors to calculate 
the values for these two diets, obtaining the data 
in the last line which rev eal a 5 per cent difference 
Further, when one makes up experimental 
diets, whether of purified nutrients or of natural 
foods and uses the factors 4-9-4 to calculate their 
calorific value, ho is assuming that thej have the 


same digLStibihlj for Iht. hjitcies in qutslion is 
IS the CISC for the average mixed diet of n itural 
foods for in in — an jissumpfion tiiat maj be fni 
from fiup in some cases It docs seem wortbwlule 
to rccognirc that (hose possible errors in the use 
of the factors 4-9-4 exist, in order to take account 
of them when the nature of tlie experiment makes 
it important Obviouslj, the errors tan be climi 
naled by actuallv determining the digestible 
calories 

It IS in connection with the application of the 
Vtvvatcr factors, 4-9-4, to the diets of other 
countries which have widely different food pat- 
terns that more troublesome errors can arise 
Diets w hich consist more largely of foods of plant 
origin, nnd particularly, of less refined cereals 
as were (and still arc), the European wartime 
diets arc overvalued bv the Atwater factors In 
the consumption-lev els studies previouslv referred 
to, it became apparent that this was true in the 
case of the diet of the United Ivingdom with its 
large proportion of 85 per cent cxtractfd flour 
and potatoes, and its smaller proportion of animal 
products 4 greater discrcpancv became evident 
in the case of some of the continental diets The 
table below illustrates how widely the diets of 
other countries may differ from the U S diet on 
which the Atwater factors are based 


Appronmalc PereetUage of Total Catonc* Supplied hu Sp cijie 
Food Groups 


1 

0 S 1 ' 

(1944) 

noli\^D^ 

(1944) 

1 CHINV 
(prewar) 

Milk meat eggs and fish 

31 

16 

4 5 

tats and oils 

14 j 

d 

6 

Cereals 

28 

3S 

70 

Potatoes 

4 

23 

G 

Pulses 

3 

1 

j n 5 

Vegetables and fruits 

■t 

3 

1 ^ ^ 

Sugar 1 

13 

10 

1 

0 5 


> Second consumption le\els report 
Combined Working Part> Data 
• Condensed from Buck s data 


Clearly the average factors, 4-9-4 which are based 
on a mixed diet such as that shown for the U S 
should not be applied to the food supplies of 
Belgium and China without a careful considera- 
tion of their suitability for the purpose Vctually , 
they would overvalue the calorie content of both 
the latter countries, the extent depending on the 
milling rate for the cereals For example, the 
calorie v alue of polished rice of av erage composi 
(ion is 351, but the true values for undermilled 
and brown nee are approximately 340 and 320 
respecliveh on the basis of their lower dice--t- 
ibility 

The Combined Working Party faced qucNtions 
of this kind for all countries of Europe and, in 
view of the time factor, had to solve them by what 
Sir Jack Drummond referred to as “rough and 
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joidv mtUiodb ” I’lotcdures b\ tlic basi( 

dal'i of \l\uitci could be npidit’d to sucli dalii 
ha^c been hugfiested l)^ (be nullioi in (lie iomow 
irticlc prcMoubh niondontd 
The iliiTcrcnte in llie proitdiiiis u'-ed in («1- 
cuhitin}' (iiiboindi ite i alone “i, b\ the b b and 
the U K hiientists, jnoeed iiailitularh trouble- 
some in IrMng to ■imve at eoiniiarabh data in 
the consumjition-h \el studies, ami also in httfing 
up a stand iid inoieduit for both i ountnt s to um 
jn e\ dilating loiitiiiintal food sujipliis lien 1 
refci to the “aeailibh i aibolndriiK s” n pre- 
sented b^ till directh dctirniined staii li, di \triii 
and sugar in I K food tabh s, m < out rust to 
“total c irbolndiatis bj dilTi lenie’’ in our lablis 
In till ease of iirt iin jiuIms ))ot does and otliii 
vegef ibles tin ditTeidici is a siibstaiitiil oiii 
such that the t ilculatcd lalorifii \alues of th< 
total du t maj dider from I to d pi r lent aieording 
to the larboliMlrate bisis usul In the la'-i of 
potatoes which make uji 20 to 10 jiir tent of 
calories of certain eontinental duts the ilifTerintc 
IS of the ordii of 15 per cent a diflirinie whnli 
docs not seem to be boini out pliisiologit illi b\ 
digestion ciat i Heie lies the spuific question 
which needs furtlier St udj , as to whet her tin L K 
“availabh i ubolijdrate” lutudh unhides all 
of the ulrboh^ drati fraction that is digestible 
and thus useful to the bod} IVlulc i iluinicallj 
determined talue is obvimislj to be preferred to 
one arrived at bj diflcieate, proof is nteded that 
a more actiii ite pin Biological cvaludion is thus 
obtained, and thd the differenii iinohid is a 
significant one, partiiularlj in \iew of the e\tia 
work entailed There is the fiiithii question, as 
discussed in the revnw In the writei, is to tlic 
appropriate factor to use in com citing “u ul- 
able carbohj diates’’ into calories 
The foregoing discussion serves to emphasuc 
the fact that the tcim “available” is not alwajs 
used to mean the same thing The caloucs obtained 
by Atwatei’s factois aie calorics available foi 
metabolism (metabolizable energy) as a icsiill 
of the deduction of digestion losses 'ind the non- 
metabolizable fraction of the gross cneigv of the 
absorbed piotein “Available” carboln diates, 
according to the U K definition, arc caibo- 
hydiates which are capable of being digested and 
utilized and thus aie still subject to possible 
digestion losses In a recent leview Keys (2) has 
discussed the term “availibility” in i elation to 
metabolic losses McCaiicc and Widdowson have 
leccntlv suggested that no attempt should be 
made to evaluate digestion losses, because of the 
vambilita involved, and that the calorie coutent 
of foods should be calculated on the basis of the 
gross factois 4 1,93 and 4 2 foi piotem, fat and 
available carbohydrate (as staicli) lespectively 
It is not the purpose of this papei to discuss 


criticulh till sc various iiii ns, but rntlitr lo record 
them ns [iroblenis involved in arriving at any 
tiniforni iiroiidurc 

Till methods usid in tin b H and the U K 
for call iilatiiig and o\prt«singlli( v ilamin A values 
of foods differ so griatlv (hat no sntisfactor} 
common bisis loiild lu found, in the ton 
HUinption lev (Is siudus, for lompiring the sup 
jiiies of this nutrient in llu diets of (ht two coim- 
Iriis \< ( ording to th< b b proi i dun , as followed 
III the tallies ni'inllv issiud jointlv b} the US 
D V am! till N'ational Ib si an li Coum il, carotene 
V ilms are (onvirlid int« Intern itioiial bnits on 
the basis th It om I [ of vitamin \ equals OCug 
of H enroll iie or 1 2 ug of otlii r vitamin \-active 
carotinoids \<( ording to tin U K evaluation, 
on the otiiir hand, it is stipulated that one I U 
of V it tmiii \ should he I onsidored equal to 1 8 ug 
of H larotine riius, it is statid that ‘in cal- 
eulatiiig fill vil imin V iiotiiiiv of a mivcd diet 
till total laroti ne valvu should he divided bj 
time and adili d to the value for pn formed vi- 
tamin V ” 'I’lint such a procedure would give a 
muih lower value for the saim food supplv than 
dots (hi b Is nil tliod IS obv lous 

While the quiBlion of (ho phv mologieal cquua- 
Iciue of prcforiui d vitamin V and its precursors 
will continue to be u troublcsomi one, the prm 
cij) il question it issue in the U S and U K pro- 
cedures IS as to whether, when cirotcne and the 
vitamin itself are combined for evpression as a 
single V due, the olFicial international definition 
that one I U of v itamiii V is equivalent to 0 6 ug 
of Jl laroteno should he adhered to \grcenient 
here is essential for international compirisons 
Thissituation with respect to vitamin A illustrates 
the fact th it when one is comparing the nutrient 
content of foods or diets in different countries 
lie needs to satisfv himself that the v'nlues are 
cvpicssed on i comparable b'lsis 

The selection of a dietary which can serve as a 
v'aidstick in intornntioiinl comparisons is a pro 
Iciii w Inch IS obv loiislj directb related to tha o 
uniform pioccduics of food evaluation Suci a 
need was evpresscd bv the Quebec Conference o 
F \ O IS follows Eailv atlention should ne 
giv'cn to reassessment of the physiological ases 
of nutrition in the light of the latest scicn i ^ 
lesearch and wartime experience to provide la 
of dietaij' requiiemciits foi use bj^ all coun rie 
in terms oi nutrients ingested In the 
tion-lev'ols studj , the lecommended dietarv ° 
ances w'cic used, along with a reduced . 
as an alternative basis of comparison 
a standaid winch lepiesents a goal and me u 
latbei large margins of svfetv , or one representing 
more ncaily actual aveiage lequiicments an 
which factors of safety c in be added is pro 
involves mnnv consiclei ations concerning 
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there are difterences of opinion at the piTscnt time 
A \orj recent reMew (3) suppests tlial multiple 
dietarj standards nin\ be needed, in mow of the 
difTcrent purposes to be, sci\ed Probabh the 
most important, consideration of all is to hiuc a 
common understandinp ns to iihat the standard 
selected acUialh means and hov it should be used 
in interpret nip food supplj data The misuse 
which has been made of the R D \ well illiis 
trates this point 

The interrelations between methods of food 
ea ablation and the aalues selected for the stan- 
dard are obviouslj close where the ea ablation is 
made in terms of phj siologicnl measures This is 
illustrated ba the U S practice with respect to 
vitamin K While it adheres to the ofGcinllj 
defined relation betaaeen the preformed vitamin 
and carotene it recognizes that a unit of carotene 
IS less potent phj siologicallj and places the 
allowance high enough to take account of this 


different e, assuming that in i miaod diet Iwo- 
thirds of the ailamin aaliie will be supplied ba 
( nroleiK 

In this t ilk I haa'e gia on eaaniplcs of problems 
that haa'e arisen in international food compari > 
sions, rather than making ana attempt to siiraea 
the entire held I have called attention to some 
limitations in our routine methods of food evalua 
tion which need to be recognized, although com- 
monly the} maa haac no practical significance 
Irrespective of international applications some 
of these routine procedures need further research 
from the standpoint of their technical accurac} 
in measuring the ph} Biological amlues which they 
are intended to portra} In addition, as a sera ice 
to the ITnitcd Nations Food and Agriculture 
program, attention needs to be given to the stan 
dardization and unification of procedure-, on an 
international basis 


REFERENCES 


(1) Maikaud, Leonard A The Atw iter &}s- 
tem of Calculating the Caloric Value of Diets 
Editorial Review , I Nutr 28 443-d52, Dec , 1944 
(2) Kets, Ancfl Editorial Rei lew The refine- 


ment of metabobt calculations for nutritional 
purposes and the problem of “availabibt} ” I 
Nutr 29 81-S4, 1945 (3) The use of multiple 
standards Nutr Revs 4 39-41 1946 


NUTRITIONAL ASPECTS OF THE MILK SUPPLY 

W E KRAUSS 

Ohio AgncuUural Experiment Station, Tl oosler, Ohio 


It IS not m} intention monotonously to relate 
the deliberations and actions of the Committee on 
Milk of the Food and Nutntion Board It would 
seem to be more appropriate to attempt to cor 
relate the problems and actions of the Committee 
wath any advances that might have been made 
toward a better understanding of nutritional needs 
and to improy ement of nutritional status 

At the outset may I emphasize tint the Com- 
mittee on Ablk has ney'er felt omnipotent in its 
knowledge and wasdom and that it drew freely 
from the vast storehouse of information possessed 
b} other individuals and committees of the Board 
of the National Research Council, of government 
agencies, of various scientific societies, and of in- 
dustr} 

The obyioub beginning of the job for a com 
mittee of this kind w as to eyamine the milk supply 
and how it w as being utilized Such an examination 
soon revealed that large quantities of valuable 
milk nutnents (protein, calcium, nboflayan, and 
lactose) were not being directed into human food 
channels This amounted to a potential annual 
supply of almost 40 billion pounds of skimmilk, 2 


billion pounds of buttermilk, and 2 billion pounds 
of w hej This is the equiy alent of a little more than 
5 billion pounds of dry poivder Peak production 
of skimmilk, buttermilk, and yvhe} powder was 
onl} 750 million pounds (1942) When it was 
realized that even whey contains 77 per cent of the 
riboflayin, 26 per cent of the calcium, 32 per cent 
of the protein, and 97 per cent of the lactose in the 
original whole milk, it is easy to understand why 
many nutritional e}obrows more than fleetinpl} 
fluttered 

A critical examination of the nutritional con- 
tributions made b} milk and its various fractions 
permitted establishment of a three point premise 
a) that milk contributes from small to apprei lablc 
amounts of all the essential food nutnents and 
because of this serves as the best food iround 
which to build a complete diet, b) that in il 
uating milk as a food at least as much emphasis 
should be placed on the non fat portion us on the 
fat, and c) that more of the total solids of milk 
needed to be directed into human consumption 
channels 

It was realized that many difficulties, including 
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tlinve tint ini}'lit bt iiiiil( i tin l(im 

“piido -md i)rcjiulu would be ciu ountou'd iii 
un progi iiu lluil uurIiI o\(o1 the MrlucMof skim 
nnlk an ONaiuplo lot mo (piolt ui niton sfiiig 
uui nmiHingobsenation madi lOtoais igo b\ om 
of nij pnM’Ut (olkiguos (\ 1'. I’l rknis) 

“Lot i jiioti' of the most tomptnig Ixofsti ik 
bo t\tiic1(d with w iloi 01 pn «■'( d to obt un 
broth or iiu' It jimofor iiinnHhd,and thi solid 
portion wimh innains, (ontaimng piob.ibh 
moro t h 111 O') poi (cut of tla n il food matori il 
probont in Iho onginnl nintt, would bo spurmd 
b\ pooplt IS (pm kh IS skimmiik ind for tho 
samt ro ison 

“In imiu i iscs pooph , guidi d manih b\ ip 
pi titt , think thc\ arc bin ing food with mon* or 
loss Ha\or thrown m when tlm in in r(>alit\ 
bujing llavoi with i little food niluo im i 
dontalh includod InthodioKi of intur il foods 
ippotitc IS tisii ilh i f iirh rohablo guidi to tin 
seloction of propoi diit, but in those dins of 
bophisticatcd mil modified foods ippitito ilom 
will frccpicntlj’’ li id one to spind his Iniiig on 
mere flivorcd husks, while ihi n il food \ dm 
of the irticle, shorn of its flat or, is lilowtd to 
waste It would bo dilliiult indeed to oieresti 
mxte the iffeet of thesi tendenLU's on tlie high 
cost of living ” 

It became ipparent, is di in inds ini ii isid,thnt 
milk production ncedi d to be men ised md m un 
tamed at a high level, th it skimniilk needed to be 
diverted from use on farms for Inestoik ftiding 
to human use th imu Is, md th it emph isis needed 
to be plated on tlu piodiution md m iiketmg of 
those dairx products winch would bring ibout 
more effective mil equitabh dislnlmtion of the 
nutrients of milk Uu omiiu ml itions wen made 
md pissed on Iioiii th it point on tin modus opa 
andt was involved, often obscure, md usu ill\ im- 
popul ir 

We are now m a position to discuss the nnlk sii|> 
ply and the contiibution it tan make toward meet 
ing nutntional needs, if the supply is utilircd pi op 
eily An annual milk supplj of 120 billion pounds 
(the goal for 1946), if completel} utilized, would 
satisf}’’ the vitamin A needs of 45 million people, 
the protein needs of 67 million people, the iiho- 
flann needs of 130 million people, md the calcium 
needs of 165 million people TJiat the milk supph 
is not completelj utilized has ilreadx been sug 
gested hv reference to the laige qiiuntities of skim- 
milk, buttermilk, and whey remaining on f urns 
To the extent that these can be fed to c lives, hogs, 
and poultry watli economy and efliciencv, the dis- 
appeainnce of such milk on farms is justified 
Undoubtedly considerable of this reservoir of 
valuable food nutrients could bo used moie ef- 
fectn elj 

In recognition of this it was suggested that some 
diversion from cream to milk production, with 


proper imimeim nts, might bring i surprising 
HimiunI of milk into I ffi ( tiw human use channels 
from thom mas whin livistoik ffiding op''ra 
tions would not he ji op irdizi d 'I'lii inducements 
wen in iili and what liappi nrtl'' 

I rom 19 it to 19 It) till re was a modi r ite, gradual 
till ri use III pniiliii tion and i onsuinption of non fat 
milk solids This nil nasi ainountiil to 9 hdhon 
pounds, indk iqunahnt h isis Luring tin next 
fm \(iiis till mi ri is< amountiil to IS hdhon 
pounds, iboiit half of wlmli w is din to i 25 per 
lint ini n isi in i oiHunqilioii of Ihinl mdk and 
in un \\ holt nnlk inaniifin tun d proilui (s, par 
tiiulirh It iporatid milk and \nnriiim Cheiiilnr 
thiisi, mi re is( d alnuit 10 pt r unt during this 
s mu pi nod, anil tin jirodmtion of non-fat dri 
mill solids ilmost iloidih d Tin i ml result has 
li(iiithat when is pn xitnis to tin war shglitl} less 
than h ilf of tin non fat nnlk solids jiroilueei! were 
us( il for huiiiiin food w ell o\i r 00 per ( t nt arc now 
in mg so lit dn (1 I his dl m i urn d w hdo mdk pro- 
dui t ion un re ist d onlx S jn'r unt mil butter pro 
tlui tioii ilroppi (1 ihoiit 20 jitrti lit Win reas during 
till period 1932- n 12 3 per i ent of tin fat solids 
for 1 1 \ ill m i nnsuinption taiin Irom fluid mdk and 
in mi, 13 0 per teat irom butti r, mil 1 1 7 per cent 
from ni mufatlureil whole mdk products, the re- 
spi line percentages inlOll wort 47 1, 11 0and21 6 
Wartime shifts in milk utdizition might better 
hi Msualized in terms of oiir pruitipd dair> 
proiluits 'J'he supph of butter ividable in 1945 
was SO pci lent of pre war but pi r tapit i endian 
lonsumption was onh II pomnis or 13* percent 
below pie-wiir To gel b itk to i pre-war lead of 
butter consumption will lequiri that almost 15 
billion pounds of milk be iln i rteii from other uses 
The supph of dices it ulahle for dl purposes in 
1915 w IS 51 per tent ahoM jin-war md rcsulte 
from the ducrsion of 3 to 4i hdhon pounds of nii 
mnualh from butter miking or from increase 
proihu tion 

The mnu il supjih of eiaporited md 
ilciibcil nnlk increased SS per tent from pre-war 
to 1945 but per capita consumption 
onh 10 per cent This is a icflectiou of the e ec^ 
of limitations and rationing and probiblv is no 
1 true measure of the increased demand 
Total tudian tonsumption of fluid nid * 
treani inci cased 20 per tent from pre-war to 
md per capita tonsumption gained 32 per co 
during the same period This incieasc has rcquir 
about 13 hdhon pounds of whole mdk, " 
about tho miount b\ which niiik produt ion 

creased duimg tho wai 

'U tins point it might bt well to in 
changes that occurred m our nutritions s ** 
w e passed tlu ough a period of restrictions, r 
tions, limitations, dietan pattern ’ ,j.,. 

substitutions Not onlj was fhe estmia e 
live vilue of the emhm food supph m 
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bupenor wth rtspLCt to cverj imtnciit to th »t of 
tilt 1935-39 food suppit , but (lie ivcragc per capita 
supph of the \ inoiis food luilrienti c\eccdcd tlit 
Itooommcudcd Diet ir\ Vllow antes of tlit Tood 
and Nutrition Bo ird in eterj item 

Tlio nutneiit toiUcnt of the food puitli lacd ind 
rused b\ cnilians m 19-!5 \\ is higher tli in tliat m 
1935-39 b\ the following poretntigiii protein I-l, 
c\lcium22,iroii 28, titintin A 24, astorbie acid 22, 
tlinnnne46, nboflvMiiSO and niiiciii40 Consump 
lion of skiniimlk products, such is tottiigc tin esc, 
ehocolate drinks and buttermilk w la it i leiord 
lea el 

E\cn wathoul proot, it might not be pitsunip 
uous to t,n tint this improtemcnt w is due to in 
creased use of all the solids of milk bread and Hour 
enrichment, and greater use of jellow ind It ih 
green acgetables ind of citrus fruits and toma 
toes, as well as of me it and eggs Those changes 
were, of course, in idc possible because of increased 
incomes, rationing nutrition education aid ma 
mpulntion of the igrieultural program 

LiiforUinatch howcicr, i lines such is those 
just giien in obt lined b\ thiiding the told 
cinlian population into thi tot d eiiilt in food 
supph and assuming cciuitnblc distribution That 
equitable distnbutuin does not oiciir is well Know ii 
ind It IS there tint the great opportuniti lies in 
fortification of oert un food slajiles and in c\ 
tending the use of milk solids m the form of c\ ip 
orated milk, whole and mm fat dr\ milk solids 
and cheese into the low income segments of our 
population and into those geogripiueal ircas 
where the fluid milk supiiK is in idequate Coin 
cident with tins should go a d urj indusfn 
deaelopment progrim in intis that have been 
tndilionalli non dor} in eli ir icter but forwhieh 
no real inherent ohst icie eaists 

Were I to select recommendations of the Com 
mittee on Milk that might have the most far 
reaching effect it would be those concerned with 
the advantages to be derived from including milk 
in commercial and home prepared b iki r> prod 
ucts I would cite i> irtieularlj the one cdhng 
attention to the need for developing at the earliest 
practicable moment a program for placing whole 
and non-fat drv milk solids it re isouahlc cost and 
in imounts convoment for use in tin home within 
the re ich of consumers espeeiallv in areas where 
fluid milk consumption is low This suggested pro 
grim might eonstitiue i ihallenge for post w ir 
ictivitv b> all gioups interested iii improving the 
general public welfare That this does constitute a 
challenge is indiciitid b\ the results of a recent 
stud} in Houston Toms, covering the period 
Januarv 1944 to \pril 1045 In spite of the fact that 
promotion was conducted through radio ind 
newspaper advertising through test-kitchen dem 
onstritions, and through use in school lunches 
railroad section gangs boarding houses, and drug 


stores, the eonelnsioii was reached that '‘consumer 
icccptanic of (In milk has been ncitlieran mupm!- 
jfied micccss nor an unqualified failure ” Iho test- 
kitchen method was found to result m the greatest 
response and whole milk powder w is clioseii much 
more frequenth thin skinimilk powder Of in- 
terest, too, w w till opinion of some grocers that 
Iicfiiile h iva little nctil for non-fat solids This 
si iteiiient is presumed to have been b ised on the 
popnl ir idea that ill the food value of milk is con- 
t mud in the fat 

In late 1942 ind ttirlv 1941 milk rationing on a 
coupon basis was scnouslv considered Tins re- 
sulted in I he prep iration of a guide to milk ration- 
ing in winch an ittemptw IS made to allocate dailv 
illow inees of milk for v irioiis popul ition groups 
\oH Will be interested to know that even watli the 
shorlcbt prospective civilian supplj dlotiifion 
could h IV e been made to provude milk in all forms 
tothoe<iuiv dent of 7 quarts pi r week for pregnant 
women, inii children under one je ir, 5 Oejuarts per 
week to thildri n 1 to 11 vears of ige, b 0 quarts per 
week to children 12 to IS vears of igi , ind 2 5 
quarts pi r week to other persons Inerc ised 
prodiietion mil further divirsion were ulvoeated 
however, ami milk iitvcr w is r itioncd e\i t pt on i 
volunlarv basis to i limited extent 
bugirw IS rither bitter it tunes but in a prefer 
< nti il rating ito cream, sweetened condensed milk, 
sherbets and ices vieldcd to bread, breakf ist ce 
reals, prepared flour mixes, commerciallv packed 
fruits, and even to cakes, cookies, jams, and jellies 
In 1943, production of adequate qniiitities of 
penicillin beiame entical This naturallj led to i 
pnoritv listing of lactose uses and to rei ommenda- 
tioiis regarding lactose production Me all know 
til It penieilhn became tvailable in abundance, but 
two sidi lights mij be of mterist First, use of lac 
lose m prepared infant foods was considered un 
essential, second to illustrati the wide scope of 
counsel emplojed on occasion, three eomiiiittees 
of the Ivational Keseiich Council four divasions 
mil branches of the War Food \dnuiiistration one 
Bureiu of the Vgneultiiral Hesoarch Admmistri 
tion, one division of the Food and Drug \dminis 
tration, one Bureau of the War Production Board 
the Ariienc m Pharmaceutical ■Vssoeiatton and Na 
lion il Form ularv Committee and the F S Pliar- 
macopoei 1 All Committee on Rtvisioii were in- 
volved 

Considerable ittintion was t,iven to the matter 
of milk fortification General fortification of milk 
wath minerals or with vatamms other th m vit imin 
D was not favored \ or was allocation of ascorbic 
acid for fortification of the general production of 
evaporated milk Mlocation of ascorbic acid for 
addition to evaporated milk intended to helji 
meet the ascorbic acid needs of special and selected 
groups was adv ocated , as w as the addition of ascor- 
bic acid to special infant foods with a milk base 
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IRit oikmikI' of till‘d I'l ()i ( tiiifi Msioti ' 

Ks'itadpnui nttoinptvor k < oinplislmu otu 
ran turn In thr rr( out )j < nniiilnlcd niit mn il snrvoi 
ontlioMtannn \potpmi nf lin11( r iirntlni i il m Ihi 
United St ite*) Origin itiiiK miIIi i '~n^H(Mtioii from 
the I'ond ind \uliition Bn ird lliis*'lndi iniinli 
roomed, under tJie mnd UK ( of the 1 Bnn in of 
DurMUR and the Oftice of lApeinmnl “^t itmim 
into i nationwide (ooperatiif ‘’tnd\ in wliuh l'> 
expeiiinent st it ions uid thr Bdtsvillc Itisr-inli 
Center partuipited Tlie oulioiin w is tin ilis 
coven tint twitter IS i innt li Iw ttf r soiiu < of \it i 
min \ irliMt\ Ilian jireMoush snppo'-i d (tin 
weiglited nation d •neriKi poldui is UiOttt) 1 t 
per pound), til it little Mt iniin \ utiMlv n lost 
from butter stond for as lonj: is a \e'ir uid 
that impro\ed forage Inrvestuu; pro tins md 
bet ter winter feeding of our dam cows tin Mi'iiiun 
A actlVIt^ of butter can be iiu r< ispd still further 
and be made sensonalh mote uniform 
The unfinished SMUiihoin of the ( oniiniltei is i 
comprchenBive monot;riph, now m the jiroiess of 
preparation, on tlie mitntni lalm of Hkinimilk 
This IS intended to Ik i reft reiue source of infor 
matxon for iirofessiotial jiroujis from w huh i jiop- 
ularired \ersion will eininati' for widi distribu- 
tion 

It IS time now to i onsider w h it the imp it t of all 
this max be on our future efforts md well-betiiK 
Consumption of fluid milk it i Ini'll le\el < in be 
maint lined in the post war period In a full em 
plojment progiam that will insure adequate in- 
comes In addition, the use of milk in sehools and 
as part of industrial in plant feeding will need 
to be developed far bexond the pre-war staRe I 
like the XX ay Dr f C Drummond of IvORland ex- 
pressed these thoughts in an address before the 
Royal Society of \its at the height of the war 

“Theie is cverx thing to be said for dis- 
tnbuting more epuit iblj such supplies (of milk) 
as xxere avail ible Bx one wnx' or aiiolhei this 
has been achiex'ed The Milk in Schools .Scheme, 
the Special Categorx Priontx Scheme, The 
National Milk Scheme, eat h has seix'cd to flat ten 
out the steep consumption-inconic eiirxe of pie 
XX ar years This niturallx' has raised a few 
grumbles from those who xxere fortunate enough 
before restrictions were imposed to be iblc to 
purchase all thex' wished to liaxm, but xxe icgaid 
their tioiibles as tiivial when xxe look at the 
benefits gamed bx' the poorer people who haxc 
thus been enabled to get a fairer share of a food 
that his been aptlj described is the kex stone 
of the nutritional structure 
“If we look to the post xxai xeirs we can- 
not SCO ourselx'es reverting to a state in which 
the consumption of milk can be seriously rc- 
stiicted bx' lack of purchasing power 


“'I hi ( oiAiimiilioii of miU in onr form or 
iiioihir iiiiKt bi riisid f)iir post-war target 
should b( 1 Iixil ItKI pi r (ml higlar than the 
juisinl ligiiri whuh, it max siirpri'c xon to 
l(!irn in iKtiidlx liiglu r lii in in lOib But the 
(iirxi mint not lx allouid to linoiiu steep 
ignin \( arlx i horironi d Iim . ts it now is, its 
h \ i i mnsl bi r mo d xx il limit i linni,iiig its shape 
I b( Ik X I I h it xxill Ik dom If it is, if w ill he a 
din 1 1 oiilf oiiK of onr mil ril ion jiobi \ during the 
pn s< 111 w ir 

'Milt till sidialion in till I nilnl'st ucs is similar 
to ill it ifisirilird bx Dr Drummond is ippircnt 
from two siiidiix iniidi bx tin Bnn iti ot babnr 
.''laliBtKs \ stndx m idi in I‘II2 slioucd fhif per 
I apitii pun b isi s and ( xpi iidiliin s for d un prod 
nets inireisid with imn isis in familx income 
Jrx(l^ 1 \( 1 pt for (xaporilid milk when piir 
( hiisi s am! i xpi nditun « [k r ( i[)U i t( ndcii to dc 
( hm us f iniilx iniomi imn i“(d \ simi! ir •'ftitlx , 
mndr in 1'>U show id llml pun h is( s of dairx prod- 
mis bx fimilKs xxith iniomc lex i Is above $2,000 
werf rr strii ted in il( riallx xx ben ( ornp in d xvatii the 
10l2stiKlx 111! 1 ffei t of riilioning, p irf iciil irix of 

butter md i li( i ^e, n sidled in i li Xf Iingoulof piir 
(buses pi r )K rsoii at xarions lexeN of fnnulx m- 
eoim* J’lin h ises of thesi two i omnioditirs were 
iboiit the MiiK 111 f imilies with oxer $4,000 net 
im ome is in those xxith im oines umler SI,000 In 

Ihi (as( of llnid milk, iiowexer, where tlic restne- 

lioiis were hss sexen th( (onsiimption pattern 
m the fill of lOIt w is diont the same as in the 
spring of 1012 

W hen xxe sjie ik of raising the milk consumption 
level, xxe me in milk in all its forms In the field 
of dried milks, for e\amiile, a post-war human 

iililirntion of iboiit a billion pounds is xisuihze 

for siu li uses is in the 1> iking industrj , m institu- 
tions, in ( onfcctinnei X ind ihoeolite making, m 
the armed forces, in ice eream m households, m 
sausage souiis and ( ore ds, in milk dnnks, m msr 
girine minnfaitnie, ind for dired distribution 
aiide\poit 

To leenmiilish this, Iiowexer, will require ‘e 
(ooperituui md loiicerted cfToits of 

education seicnec, and indiistix One ot 

greatest fields of nctivitx xxill be that ofresearci 
the kind that stills with tlic sod and enrrie 
tlnoiigh the piodncfion, processing, an niar 
kcting stages, foi om most recent 
out the mtcucl itionships bctxvcen pro ' 
pi leticcs, nutritixc \ due, pioccssmg cliaric cr 
tics, mukefvbihlx, md ( onsumei 
The mteiilix'e x ill lie the knoxxledge * ” i,. 

equitable distnbution of the vital food ® 
found in milk ran do much towind c 

standard of living of the masses and le p co 
the W'oild’s greatest natiird lesourcc, w uc 

people 
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HUIM/W DIETARY ALLOWANCES 

P C JEANS 

DcpariniLnl of Pcdiatna, College of Medicine, State University of Iowa 


Iht most rLCcnl sunininrj of the needs of hu 
mins for the i inous nutritional essentials was 
tint of the Pood and Nutrition Board of the 
National Research Council This Boaid was 
organized 1 ite in 1940 in preparation for what 
appeared to be an iinpcnding national cnicrgcncj 
The goal w is to consider the seientihe aspects of 
nutrition in relation to the generil program of 
nitional defense and to do whiteeer seemed 
indicated to improee the nut;-itional status of oui 
people Vs i starting point it was neeessart to 
know in some detail the nutiition il needs in tcriiis 
of the nutritional essentials Food planning 
would be impossible without some kind of a 
standard Both militare ind eieiliaii needs were 
to be met It was nccess irj to hate a guide for 
the purchase and distribution of food for the irnied 
forces and as to the amounts needed for lend lease 
It was advantageous to have a guide as to what is 
desirable in food allow anccs for populat ion groups 
■Vs a corollarj to these needs it was advisable to 
have a guide as to the quantitj of food stuffs 
needed to be grow n and produced If food sup 
plies were to be assessed and planned, a standard 
became essential The creation of suth i standard 
became one of the carlj primirv objectives of 
the Board 

The tv peof standard needed w as not in eviatence 
In 1935 and 1930 the Technical Commission of the 
Health Committee of the League of Nations 
published a report on the phj Biological bases of 
nutrition in which were set forth nutritional 
requirements for v aiious age and other categories 
Eveept for calories and protein, these require 
ments were chieflv in terms of foodstuffs rather 
than m terms of specific essentials Furthermore, 
the more recent adv ances in nutritional knowledge 
w ere not represented For the purposes of the Food 
and Nutrition Board it seemed preferable to 
formulate the standards in terms of specific es 
sentials which then could be translated to food 
stuffs available m different localities 

Based on public healings that hid been held 
the Food and Drug Vdiniuistration had set up 
standards for regul itorj purposes These stand 
aids included most of the categories huallv 
adopted bv the Food ind Nutrition Board How 
ever thej were iiitentionallv formulated as 
minimum requirements and it became desirable 
to have standards that offered something more 
nutritionallj than a bare minimum The goal 
desired was optimum nutrition, a condition that 
cannot be assured with reqmrements that are 
minimum for the avenge person 


A special eommitteo of the Food and Nutrition 
Board undertook to assess the literature and the 
results of current reseaich Ihe tentative allow- 
ances thus estimated were submitted to numerous 
consultants qualified bj research and experience 
to expicss opinions Values were derived that 
met the approval of the majoritv of the con- 
sultants and of the Board The values were then 
submitted to the National Nutrition Conference 
for Defense in Alav 1941, thev were approved bj 
this conference V few additions were made in 
1942 The illow ances were published as Bulletin 
115 of the Reprinl ind Circular Series of the 
National Council Bj 1944 research results 
indicated that the allowances for the B vitamins 
were overgenerous in some categories After 
manj months of consideration of the evidence and 
particularlv after consultation with persons en- 
gaged activelv 111 research with the B vitamins, 
the icvision of 1945 was approved and released 

111 the 1945 revision allowances were included 
for several factors in addition to the essentials 
listed in the older table, but the chief change 
consisted of downward revision of the values for 
the B vitamins at levels of calorie intakes above 
3000 The revised allowances were published as 
Bulletin 122 of the Reprint and Circular Series 
of the National Research Council, a publication 
that included an explanation of the means by 
which the values of the allowances were derived 
The values of the 1945 revision represented the 
best group judgments that could be obtained 
In some instances individual opinions differed 
from those of the group, but the table represents 
majontj opinions of a rather large number of 
qualified persons 

Those responsible for the table are fullj aware 
of its weaknesses In some categories values were 
lacking and had to be interpolated Particularlj 
IS this true for adolescence Adolescence is a 
period of inci eased metabolic stress and the 
nutritional needs aie greater than those of other 
periods However, few data hav e been published 
for this period WHiile we hav'e much nutritional 
knowledge and that knowledge is constantly 
increasing, no one or no grouji has enough to 
assign accuiate ind final v alues in a table such as 
that of the Allowances for anj given essential 
It IS amazing how few standards could be laid down 
with anv degree of uniformitj of opinion not- 
vnthstanding what appears to bo a large amount 
of research Act the militarj forces had to be 
fed and long range plans were necessarj The 
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foiinuliitioii of II' isonahh slimditidi' ItctaiiH iio*-*.!!!)! “-v rillif -fi-- M.)tli i j < nt rolI^ *.iipph of milk 
imprint i\ (• drspilr (ho know n diflioiill n in tin dn t is iiol /dlow i d for M'-o (ho r( I ition'ihip 

Tlu sottvii}? up of st ind luk for t doiK s, pioli III of lh< iuio(nu< lu id n<f d to (In mioiint of (r3p 

ind tlio miiiei ds pi( soiili d fow( I didioiiltn s (linn toph un in (In dn t n innins (o I'O c Inrifn d 
loi llio Mtuniiih, ( lii{'(l\ ho( HIM knowl(dj;( Kiiowlniio of (In iisi orliK n<id rf (lUin nn n( i^ 
ooiucrning (ho foinui wns oldi i nnil hid Inin in n iiiok ‘■'i(i‘'fii( tor\ • t iti (linn (h t( fornnj otln r 

lOdimuhUing for i loiif^ci (inio I'lioio <\ist(d vKiinnn Imiiso n fi w [irohh no Mill i \is(, Miuh 

moio dn(n on whnh judKnnnl'' < oiild h< lidi d ns ihnsion ns (fi (ho njiitroprnUi lilood livd nr 

ind (he CMstiiiR d d i prcsontod rolatmi^ fc'w ns(o(ln inioimt < m n ti d in (In iiriin n*! n rntor 

(onflnts On (ho odui hnnd doti rniinni ion of ion of s iii- f‘it tor\ Htori s 

(he Mtuiiin dlownium i((iiiii('d nun h nion 'lh< \ilniiiin \ ^.dtirs of tin t ihlo nre hnood 
discussion uul often souk dcfxuc of < omiirotuisi < hn (K on n ‘uUs of d irk lulnplntiou experiments 
imoni; the \niioiis iinesticntois Park a'lijitdion proitdiin'' leaf been subject 

1 he gioitest di/hfiilti was emoiintfifd with (o niinh (ritnism, n( leat sonu of whuh is he 

thethiaminf illowiiiecs In iifldilion to issr ssmf; Inifil to Iv iinjuslififd I In best altcrnitne 

the publislied (hit i, a ( onf( If IK ( was laid with i (ritinon would 1» blood lalins, but studies of 

Kfoup of peisons ennit?(d uti\e|\ in h's( ir<h blood \ dins hiK not bee n eondurted in such a 

with the human ri'quiii nn ut for lluamiiii I \ m inin r is to oft( r ( ritf'rm for detf rmination of the 

tieme views wi'n lepiesented and the miniimtni rifiuiiiiiunt Tin iieitoniiea! h 'ions of v d'lmin V 

lequirement nd\o('ited iiiij;id fioin 021 me to d( In luu \ ‘in not eisil\ ii-iblf for determininc 

0 35 mtr for e i< h ItKlO i doius Minn experts thi ii (piiM im nt Jin ofhi ed minimum ralucs of 

(lifTcr, itt'unment of i (oiisensus of infoinied the I ood ind Pruf: Vdinim«tration aPo were 

opinion is difheult Howeiei (he j;o d of (h( biiM d on dark luiqitation i xp' runeiits Kc^ard- 

(oimnittee was a sih allowanii witliout undue less of (hi fdlibdit\ of thnr deniation, the 

excess The eommiitie was not (oiuerned \ilvniin \ miIui s ri ( omnu ndi'd 'ire supported bi 

pumaiiU with minuiuun loeiuiiement With colliUril (Mihme of inim i1 e xj5(,riments It )S 

little exception those suiipoi till}; a low minimum lobe pointed oiii tint i r ither wide ducrsd} of 

lequiiemeiu weie willint; to iniee to a liichei jutlt’ine n( e'Xists is to the appropn itc \alucs for 

value IS in aiiinoiniate dlowinee to be reeom \i(iinin \ Howe ler, the \ dues of the tabic are 

mcneie el It was Im ilh euieeel that i sent ibh behereel tei he nenerou- illowanees The> are 

allowanee would he 0 5 nif; for eeeh KKIO eil e isd\ iit-iiiif d with iin nood diet 

ones u)) to 1000 caloi les uid 0 3 nq’ feu ceie li 1000 I he pieteeling disi ussmu of Mt untn A refers 
e-alories aliove 3000 1 hese rabies we le ijiprored onl\ to idiilts \lmost iio <1 itn exist for children 

bj most of the consultants and of the mcmbeisof It Ins been iiistonrirr to eonsider the \itamin V 

the I'ood and Nutrition Board Continuing to requuement as proportionate to bodj weight 

rel ite the icquirement to calorics seemed good If Ilic allowances for adults wcic apportioned for 

piactieal usige even thoiigli the same relation elnlehen in lelition to bndr weight, the amounts 

ship does not hold at all levels of caloiie intake would be less than those that liave been assigned 

By tins means the same ratio is np)ilioabIe in all To obtain the assigned r nines a factor was use 

age categoiu's similai to the one known to be necessarj for 

Eridence foi ihe iibodarin lequirenunt foi piotein In oidci to st ite the protein requirement 

humrns is incigei The amounts lecommended in teims of progiessne liodr weight, a scries o 

bj the Board wtie influenced In the leeoidcd dee leasing \ ahie s is used, beginning at 3 5 grams 

human e xpeuments is well as by obseivatious foi eith kilognm in infincr and decreasing 

with unmals The luiin d expei iinents indicated giadiidh to the 1 gi am v due for adults The use 

that the nhoflavin loeiuuement is lelited to of such i faetoi for vitamin V w is arbitrarj , >o 

that foi thiamine The human experiments wcie it gue ralucs that experienced nutrition wor er 

made with adults For othei ago eategones the weic willing to accept is le isomblc and sa is 

relationship to tlmminc rras the chief guide factoir Ohviouslr much stuih of the ri ami 

Obviously more expei imental dat i are needed A requirement of eliildi on is needed 

Knowledge of the meotmic acid icqunement is In judging tlie appropiiate amount of ri 
in an unsitisfaetoiv state ui tliat few expei- D foi infints we find some conflict 

imental data aie arailablo foi liumnns Tlie al- inteipietntions of chmeil expciicnce m ^ 

lorranees i ecommenele el woie influenced greatly scale outiialiont studies and 

1)3 the observition that a relationship bet rrcen the both clinical ind balance studies of 

nncin anti the thiamine icquiiemeuts exists in better conti oiled groups The lattei g 

dogs, the same ratio was letamed in foimulating gives icsults indicating that 300 to 40 
the allowances jMamtenance of this ratio prob- is a full} adequate amount foi the 

ablv allows foi m ixinium need, inasmuch as ler^el of intake linear grow th of infants exc 
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v\t.rage in rate, ii-lcnUonsof calcium iintl pliosplio 
rus arc excolknt, dentition occurs earliei than 
axorage Anx amounts of Mtainm D gicatci than 
dOO to 400 units d iih do not iiicroaso the calcium 
ind phosphorus retentions iboxo those observed 
with this lesser imouiit \ct some confusion has 
irisen because of ciiteria used in interpretation of 
loentgcnogrinib bx i few obserxers On the basis 
of the structure of the metaphxsis of the long 
bones the diagnosis of iickots has boon made in 
the case of infants rcccixing 300 to 400 units of 
xitamin D Naturallx , if rickets occurs with this 
imoimt of X itamin D, a laiger amount is indicated 
Howexcr, these bone changes do not occur xxitli 
135 units of xitamin D, a much smaller amount 
and one that produces smaller retention of cat 
cium and phosphorus A more appropriate inter- 
pretation IS that the bone changes observed with 
400 units are definitelx not rachitic and probablj 
arc concomitants of the rapid growth that occurs 
with this intake It was because of this conflict of 
opinion that the lange of 400 to SOO units xxas 
stated in the table of illowanccs 
The xitamin D requirement bexond infaucj is 
known with less certaintx than that for infants, 
but the values in the table of allowances arc bo 
hoved to be ample Children bojond infancj who 
are receiving 300 to 400 units of vitamin D dailj 
have retentions of calcium that correspond to the 
normal as determined' bx calculations based on 
rates of grow th 

The calcium allowance for adult males is well 
based on experimental evidence as is also that for 
children of the preschool age Some, but insuf- 
ficient, evidence exists as to the needs of adoles 
cent girls For other values during the growth 
period interpolation was necessarj, though the 
more recently published x alues of Macj give sup 
port to the interpolated values The exact values 
appropriate for pregnancx and lactation have not 
been determined, though it is certain that an in- 
crease of the general order stated m the allow anccs 
IS necessarj for calcium equilibrium The most 
important lack of evidence of the calcium re- 
quirement exists foi the adolescent period 

In the preceding discussion I have indicated the 
mechamsm of the formulation of the allowances 
and have pointed out some oi the deficiencies of 
our knowledge of human requirements for the 
nutritional essentials I am sure that I speak for 
the Committee on allowances and the Food and 
Nutrition Board when I saj that constructive 
criticism will be \ Icomed and that ill facts 
submitted will be given full consideration 

In the endeavor to bung national nutrition to 
the desirable levels of the allowances, the Food 
and Nutrition Board undertook numerous other 
ictmties as has been discussed bx other speakers 
tins morning The Bo ird stronglj encouraged the 


cnrichinciit of flour and bread, the addition of 
vitamin D to milk and the fortification of mar- 
garine with vitamin \ The Board studied and 
advised concerning the needs of milk production 
and the interrelation of the human needs for milk 
with the protein feed situation for livestock Most 
aspects of animal nutrition xveie in the purview of 
the advisory committee on feed composition of 
the Agricultural Board of the National Research 
Council which was in close liaison with the Food 
and Nutrition Board This committee undertook 
a task comparable to that of the committee on 
food composition of the Food and Nutrition 
Board Also it devised RLCommended Nutrient 
Allowances for farm animals in a manner com- 
parable to the work of the committee on human 
allovrances Bulletins wore published relating to 
the nutrient allowances for poultrx , swine, dairy 
cattle, beef cattle and sheep These bulletins could 
well serve ns a basis for studios of comparative 
nutrition 

The recommended dietarj allowances of the 
Food and Nutrition Board were formulated to be 
a goal for the nutritional welfare of all normal 
persons It is to be emphasized that thej do not 
represent minimum or even average requirements, 
but rather the amounts of nutritional essentials 
desirable in the diet The term average presup- 
poses that some persons require more and some 
less The allowances were designed to meet the 
needs of those normal persons vv ho require some- 
what more than the average, those with less 
efificient usage but still normal Thus a factor of 
safetj IS provided for those who have average or 
less than average requirements, yet the amounts 
recommended maj permit only maintenance 
requirements for manj normal persons 

It IS obvious that the allowances cannot be used 
as the sole criterion for determining the nutri- 
tional status of population groups, manj persons 
are amply nounshed and remain in good health, 
jet receive less of one or another essential than 
the amounts recommended However, the al- 
lowances can be used as a guide in feeding popu 
lation groups In some instances the total food 
supplx maj not permit altamment of these 
standards In such cases one can take some solace 
in the fact that the average requirtments are less 
than those lecoimnonded But also one must 
recognize that the needs of all normal persons are 
not met bx values lepresenting minimum or 
average requirements Thus one must distinguish 
between immediate consumption goals ind stand- 
ards based on good nutrition for all 

The allowances have potentialities for innumer- 
able applications Throughout tliewarthej served 
as standards for the diets of our militarj forces 
throughout the world Master menus were pre- 
pared with the illowanccs as a guide The al 
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lo\\aiKcs luc viRoful in innKinn dn l•l^\ Riir\o\R, 
m nRsossniK t!io nnnds of our (i\dian popid'iliori 
and ns n guide in feeding iiojiiilnfioii gioiips Tlif \ 
have been w idelj used is gunles for f iinih hining 
for welfare adniiiiisfnUioii ']'lie\ lone hern userl 
as a basis in deleniiining jirodiK lion goals 'Pin \ 
serve ns a focal point for guiding lesi iiih (hat is 
lo fill those gaps m our Knowhdge which nrr 


r\uhnl from a rrvnw i>f Ihr flrmation of the 
iillowanrrs I( is mj hrlnfthil tin Iteroininended 
l)(e(ai\ Mlownnies rh'spitr fhnr rerognired 
inipi rfi ehoiis will stand as a nionument lo 
llu iuIimIks of Ihr ] nod and Nulnlirm Board 
rliiring Ihi war pr nod 'Ihiir unportanee will be 
errii greilrr if lhr\ r in hr reviserl from lime In 

tlllK 


THE SIGNIFICANCE AND LIMIT Vi'IDNs OF FOOD COMPOSITION 

r VBLlvS 


( A LiAriniM 

Drpnrhiirnl of Einrl'niii^lt i. { aiirisifi/ of M iToa'-ia, Ifodnoj 


Eventuillj it should be iiossihle to determine trilion, tin oldrr ■valius were reused in light of 

the nutritional \alue of anj diet through tlic use inorr rnent information ind specific figures were 

of figures for dielnrj icquircinents, tables of food gnen for the \ itainin A, thiamine, nboflaMn and 

composition and a calculating imelunc Our hope asiorbie n id rontent of food 

of attaining this goal rises and falls with each new hurl her tabulation has hern carried out largch 
development in the fielrl of nuliition, but these in Ihr Hurt an of Home Leonoinu s In 192<S Chat- 

newr developments arc now taking place so frr field uid MeBaiighlin (I) and in 1931 Chatficid 
quentlj that final success should not be dcla\cd and \dims (=5) prepared new sumimrj tables on 

too long Sonic of the problems relating to rhetarj the pro\imate eomposition of fresh fruits and 

requirements haio been discussed in last \ears \cgctables Chatficid and Adams (C) prepared 

Symposium on Hum in \ itamin Re([utreinents (1) similar tables for all foods in 1910 Similar tibles 

in the revised bulletin on dictan dlowanees (2) on the iitimin eonicnt of foods hiie been pre- 

and by the pievious speakers I shall In to out- pareil b\ Daniel iiid Miinsell (7) and Booher, 

line some of the significant problems rdited to ITartrier, and Ifewstoii (S) 

food composition In the iniiml field the nio«t evtensivc sum- 

Ilundreds of papcis dciling with the tompo manes ha\e been inatic bi F B Alorrison m 

sition of foods have been published but relitiveh Feeds iiid Feeding The 20tli \ olume of this book 

few workers have taken the tune and effoit to gices pro\imate composition but no values are 

compile these values into comprehensn e tables gnen for the \itamin content of feeds 

In 1896 Atwatei and Woods (3) published an e\- In the fall of 1942 the Office of the Quartcrniastw 

tensive compilation on the pioximatc anahsis of Geneial leqiiestcd the Food and Nutrition Boar 
American food materials This bulletin his been to establish a committee to assemble, coordina e 

used as a standard refeicnce and tables in most and appraise data on food composition for 

textbooks are based to a considerable extent on War Department A Committee on Food Com 
these early values position was appointed (mcmbeiship of the com- 

In human nutrition the tables piepaicd bj H mittec is given in the Journal of the American 

C Sherman have been used most extensively Dietetic Association 20, 215, 1944) and one o m 

In the 4th edition of Chemistij of Food and fiist problems undertaken was to compile 
Nutrition, 1932, the x’alucs for proteins, fats and listing pioximatc, mineral and vitamin 

carbohydrates weie based largely on the At- some 250 foods The basis foi this table w'as ^ 

water -Bryant tables but values for ash conslitu- pendent upon values which had been compi 
ents were obtained horn a critical compilation of under Miss Chathcld’s direction at the 
all available anab'ses both American and Euro- Home Economics In addition, a thoroug se 

pean It w^as in this edition that values were w'as made of all reliable data in the litera ure ^ 

uniformly given as the elements lather than as later a public request brought in a vast amo 

their oxides It is also important to mention thaJ unpublished data fiom laboi atones ^ 

average values w'ere used in all cases rather than the countiy It was especiallj' helpful 

the maximum and minimum figures given by extensive lesearch programs such as w'or 
Atwater and Bryant In this edition values for and cereals had been underwaj for some 

vitamins were ex-pressed in + and — signs In many data for these products were ii^ 

the 6th edition of Chemistry of Food and Nu- available The organization eai y m 



ri DERATION PROCEEDINGS 


281 


tlic State ngncuUuuil c\pc.rimLut stations and tUc 
Department of \gucuUure of i National Co 
opcratne Project on the Conservation of the 
Nutritice ^ due of Poods also sor\cd to focus 
ittentioii on this problem ind this progiaiii has 
been c era a aliiablt in making la ailable reliable 
data In some eases special research piojccts aaere 
established such as that sponsored jomtlj bj the 
National Cinners xVssocialion and the Can Man- 
ufacturers Institute This jirogram made iv iilable 
manj figures on canned and dehydrated products 
When no data aa ere aa ailable or aa hen existing data 
did not seem consistent, properlj selected s imples 
aaere submitted to the laboratories throughout the 
United States that aaere best equipped to make 
each of the specific determinations In this con 
nection collaboritiac issaas aaere set up foi some 
of the aitamins to est iblish the reli ibilita of the 
methods used 

To serae the imniediate needs of the Anna , the 
Tables of Pood Composition aaeie mimeographed 
ind underaa ent three rea isioiis during the taa o j car 
period During these tabulations most information 
on regularlj consmned ciailian foods aaas also 
accumulated In order to make best use of this 
information, printed tables of food composition 
in terms of 11 nutiients has been published jointly 
ba the Bureau of Human Nutrition and Home 
Economics and the Food and Nutrition Board 
This bulletin is aa iilable as U S Department of 
kgrioulture Miscellaneous Publication No 672 
Taao tables are included, one giving the iiutntiae 
aalue of 100 grams of selected foods, edible 
portion, and the other the nutritive aalue of 1 
pound of selected foods, as purchased 

What IS the aalue of these, or any similar tables 
of food composition? If all the foods are listed and 
aalues for all nutrients given these tables may be 
used for calculating the adequacy of ana diet, for 
planmng production programs both national and 
international and for projects established to im- 
proa e the quality of foods produced and consumed 
■yi e must admit that the printed tables do not in- 
clude all foods non used in the Umted States and 
certamlx not foods consumed in other parts of the 
norld Honeaer, it is interesting in this con- 
nection that similar tables haae been prepared ba 
Morkers in other countries In England nc ha\e 
“Nutritiie Values of War Time Foods” published 
as Medical Research Council War Memorandum, 
No 14 In South rVfnca a\e haae “South African 
Pood Tables” prepared ba Pox and Goldberg and 
similar tables haae been prepared in Canada (01 
and Australia (10) The Food and Nutrition Board 
established a committee on international food 
aalue problems vliich has attempted to correlate 
data in india idual tables for use in international 
problems Actualla foods maa differ from country 
to country and the methods of handling food giaes 


us different types of flour, different cuts of meat 
ind milk aaitli a different fat content A recent 
papei by Cravitoto et al (11) indicates that the 
nutritional qualities of the foods of Mexico may 
be quite different than those of the United States 
These are problems wliieli need to be studied by 
the new Food and Agriculture organization 

Iloweacr, it is more miportant that Publieation 
No 572 omits many prepared foods because of 
their lack of uiuformity The restored cereals were 
not included because at the present time no of- 
ficial standards of restoration have been pro- 
mulgated In spite of this situation a large 
proportion of our breakfast cereals are restored 
cereals In the extensive program on the com- 
position of canned foods, special or formulated 
products have been omitted because of lack of 
uniformity Vgain the consumption of some of 
these special products, especially prepared soups, 
isxery high 

I have already indicated that values are pre- 
sented for only 11 nutrients Certainly we must 
expand this list if w e hope to hax e any degree of 
completeness We all agree that values for proteins 
are only very approximate and sooner or later we 
must have specific x alues for each of the essential 
ammo acids and perhaps for all the ammo acids 
Values for total carbohydrates are gixen m No 
572 and values for available carbohydrates are 
giyen m the Bntish tables This brings up an 
important question regarding the calculation of 
total energy and this has been discussed thor- 
oughly by Maynard (12) How ever, more important 
than the energy problem is the fact that different 
carbohydrate m the diet hay e different effects on 
intestinal synthesis of yitamms and perhaps the 
utilization of various imnerals Some day then, yve 
will want values for each of the different car- 
bohydrates McCance and Widdowson (13) have 
determined glucose, fructose, sucrose and the 
starch and dextnn m a number of foods 

Values are gixen for only 3 minerals and cer- 
tainly other mineral elements need to be added 
such as sodium, potassium, magnesium, copper, 
iodine, fluorine, manganese and cobalt Peterson, 
Skinner and Strong (14) haye included figures for 
copper, manganese, zinc and iodine In the case 
of yitamins y alues are giyen for 5 yit imins but we 
need to continue our yiork to tabulate values for 
yitamin Bj, pantothenic acid choline biotin, 
folic acid, etc 

What 18 the accuracy of the y alues found m these 
modern food composition tables’ I believe most 
yyorkers are agreed that the reproducibility of 
results obtained in different laboratories on the 
same sample by the same method, is excellent for 
the better known yitamms md minerals For 
example, in a recent collaboratiy e assay on a 
canned po i puree, IS out of 25 laboratories re- 
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ported Mihics for thmminc between (I IS nmt 0 22 
mg /lOO grani*^ nnd 10 out of 21 hborntone'i 
leportcd values for niacin between 1 2 and 
1 4 mg /lOO gm Guerrnut , Vn\ leb and I' nrdig (15) 
Iiavc icccnth compared Mtamin \nlu(s obtained 
bj difTercnt metluids of nssaa and eonelude tlml 
in order to secure results of mn\iinum siientifir 
\aluc in colhboriitne studies the following con- 
ditions should be ensured “(a) that represent atii c 
samples of unquestionable uniformit\ be Jirep ired 
in quantita from the same initial soiiiee, (b) th it 
these samples be stored under the same con 
ditions prior to assai , (c) that stalile Mtnniin 
reference stand irds be placed at the disposd of 
each collabor itor, and (d) that each (ollaborntor 
use the same methods in which all di tails of jim 
cedurc and qunlifi of reagents are cirefulh 
prescribed ” The homngemelc of s unples must be 
given special consideration w hen dealing w it b such 
rmnutc qinntitics of nutrients as eneoimtered in 
the case of vitamins In spite of the ruber sitis 
factory results obtained when these condumns are 
followed, some of the piesont methods need 
modification when applied to certain tc pc s of food 
products 

A more important problem is wlielhcr the 
methods used measure the true biological \ due 
of the food as far as each specific imtiienl is con- 
cerned The tot il calcium content of i food high 
m o\alic acid iiiu not he a fuie measure of the 
available cileium It is well known thu all the 
iron m some foods is not readih utihrcd Mtliougb 
several methods foi measuring u ad ible non iiai e 
been developed there is no den ecidence that 
these procedurob nicasuio the non winch is u nl 
able to the human TUeie is undoublcdh a fur 
correlation but the iclationslup ma\ not be 
quantitative Miller ind Louis (IG) luce rc- 
centlj studied this problem fiulher and conclude 
that the percentage of food iron soluble in dilute 
acetic acid or dilute sulfuric acid bears no icl Uion 
ship to the amount of available ii on as deter 
mined b 5 ' bioassaj 

When the vitamin A polencj of most foods is 
measured, we must contend with both vitamin 4, 
and carotene British workers have attempted to 
compensate for the reduced activity of carotene 
directly m Tables of Food Composition However, 
it appears better procedure to tabulate the actual 
amount present and make some allowance for 
carotene in the figures for dietary requirements 

The values for butter obtained m 14 different 
states by estimating vitamin A and carotene 
separately, show remarkably good correlation 
(17) There is still some controversj over the 
estimation of ascorbic acid and dehj droascorbic 
acid since it is difficult to establish the e\act 
biological activity of dehydroascorbic acid The 
agreement between the animal assajs and the 


eiiemual and nuerohiologu al a'-sns lor thinniine 
niinfiaMn and marin is surjirismglj good More 
work i‘- meded in tiie ( ue nf [ii ridoMiie, panto 
flu nil m id, biot in, < t( 

Till variation Iiotwien induidiial simples of r 
giM n fond mall rial is murh inon diniriiU to deal 
with \\( 1 now that nnturil variations m the 
vilnnitn lontint of plant foods is affected bj th( 
••oil in which till p! mt is grown and the tiimalic 
(oiiditioiis under whteh it is grown, b> varietal 
dilTerenics and bv tlie iffiet of maturifv and hv 
tbejiirl of the plant s imph d 1 orevample, Jan'cn 
(IS) his reel nth n ported that tlie timnune con 
tint of Vs diffi n lit vanities of potatoes varied 
from 0 (H to 0 IG mg per 100 gm or over oOO per 
lent However, tlu iverige v ination was onlv 
22 per cent for potatoes of tin « ime v irietv grown 
on till s 11111 plot mil h irvt sti d it llv same time 
In tin rase of aiiim i! prodiiits, the feeding 
prut 1(1 111 IV have i oii«iderable effect on (he 

1 (imposition of tlie finished uiiinal Some of these 
possdiU ( rror« can be ennipeti® ited for bj sub 
div iding the mods into di fimtelv described group’ 
IS to V ini IV , ni uuntv fti ind bv increasing the 
iiumbei of s-imples anihred It should be noted 
tint in Bulletin '>72 such distinctions have not 
been m uh and inv future t ible should take thi* 
matter into eonsulor itnm 

In reference to (he butter s'lnples referred to 
piev loush , it IS import int to point out that about 
35tK) diffeiciit samplis were aiialvrcd This mav 
iceouiu for the cvcclleiit igrecment which wa« 
obtained In Tables 1 uul 2 romp in«ons ire made 
between V dues obt lined on npieil canned prod- 
mis in two different veirs, W42 mil 1943 (19) 
Lien in the Case of peas m which almost 109 
samples were inihzed the ucrage ribofiavin 
rontent for 1943 is about 10% lughcr than the 
average in 1942 In the i asc of tomato juice 
is of more uniform qualitv , the figures for the - 
V e irs are practicallv identical There is also some 
variation m the niacin content between the two 
vears in spite of the lirgc number of samp e- 
inal 3 zed The largest discropancj occurs m t ic 
case of sardines vvliere onlj 5 and 6 samples were 
analyzed It is interesting that the 
riboflavin and niacin given in Publication oi- 
in between the v alucs for the 1942 and 1943 pac 

Another means of checking the accuraev o oo 
Composition Tables is to compare the composi m 
of specific meals as obtained bv' calculation ron 
Food Composition Tables against that o 

bj actual analj'sis Widdow son and McCance - 

have found that the actual composition o i 
IB closely^ approximated bj the values o ai 
through the use of food tables m the case ® 
tein fat, potassium, magnesium and p osp 
Greater differences were obtained in t 
calcium and iron Somew hat similar s u i 
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been earned out b\ McHenry imd coworkers and 
again the agreoniont is fivirlj satisfactory although 
m some eases difTerenccs us high ns 200% were 
obtained This work has been summarized in 
Nutrition Rc\ icws (21) 

Wliat are the liniitafions of the Food Composi- 
tion Tables? As Ins already been pointed out the 
best correlations arc obtained when tables arc 
used for calculating the composition of rather 
large numbers of meals Thus it would be diflicult 
to use a table of food composition for calculating 


TtBLE I 

Ribofimin enntent canned food sampled in I94.S and J9iS 




1913** 

No of 
sample 

1 i 

j brV I 

°1 
O n 

Rmce 

A\ cr 



n c per lOO fm 

1 

nc per too jfn 

Beans limn 

1 


{ 

1 

; 1 


Kiwn 

26 1 

0 023 0 002' 0 012t 2'i 

0 022-0 033 

0 037 

Peas 

9» 

0 025-0 100 0 0o4 

1 

0 047-^) 078 

0 061 

Spmncb 

31 

0 02-1-0 130, 0 0<52 

’ 25 

0 054-0 150 

0 110 

Tomntoimcc 

79 

0 OO'Ml (Mb' 0 02^ 
1 1 


0 Or-0 039 

0 027 


* lim\ers»t> of Tcxis 
•• TJni\crejt\ of 


beginning to reiognizc that fiesh vegetables 
picservcd in ice dirccth after harvesting will 
siipplj more vitamin C than the average tvpo of 
vegetables for which the figures are now given 
The effect of storage is also a factor even in the 
ease of dchj drilled products Duo to a special 
project sponsored bj the Committee on Food 
Composition it is possible to record in Publication 
No 572 values for the more important dehv drated 
food products It is ev ident from Table 3 that it is 
impossible to estimate oven the more stable nu- 
trients bj direct calculation from the fresh prod- 
uct There is, apparenilv, also a loss of elements 


TABLES 

Atatrtn content of canned foods sampled in 194^ and 19 S 


1 

‘ 1P42 


1943 


Ranjrc 

A%er 

a^re 

®£ 
O rt 

Ran"e | 

A\er 

asc 

1 


t , ^ 


1 

[ m? per too gtr 

Beaus hmn ^ 

t ' 

} 





jrreon 

27 0 32-0 7’ 1 

0 55 j 

c 

0 11-0 63 1 

0 4S 

Peas bwetl 

04 0 42-3 69 

I OG 

56 

0 65-1 30 

0 91 

Sardines m oil 

5 1 2 02-7 15 : 

5 67 

C 1 

3 4-50 

4 on 

Tomato juico 

77 1 0 55-1 ” 

0 75 

60 : 

0 42-1 0 

0 SI 


TABLE 3 

(. omjioiitton of fresh and dchudraled foods 



DR\ 1 
MATTER 

PROTEIN j 

CliRBO 

a\D&ATE 

CALClOil 

FQOS 
PHORU^ j 

\ IT AMIS 

A 

THl ViUKE 

RICO 

ixAns 

[ mvciN 

\1TAinS 

c 

Cabbage 


Sra 1 

1 S"J 

S'” j 

Mi 1 

ms \ 

IV 

t i 

i 

WIJ 

ms 


Fresh 

7 6 

' i 4 

5 3 ; 

46 

31 { 

so 

n 07 

0 06 

0 3 i 

62 

Dch\ drated 

91 2 

13 7 

68 S ; 

374 

274 

520 

0 41 

0 37 

24 

3S9 


12X 

lox 

13X 

sx 

9X 

6 5X 

6X 

ox 

SX 

3 5X 


Potatoes 


Freah 

22 2 

2 0 

19 1 

n 

56 

20 

0 11 

0 04 

1 2 

Dehj drated 

92 S 

7 1 

S2 0 

25 

103 

0 

0 2o 

0 10 

4 8 


4 5X 

3 5X 

4 6X 

2X 

2X 


2X 

2 6X 

4X 


the composition of individual meals or meals of 
atJTMcal composition While average figures have 
been used in most of our recent tables it w ould be 
valuable to have figures for the maMmum and 
immmum and perhaps figures which fall within a 
certain narrow range of values Such v alues would 
be especiallj important when we are interested in 
specific foods as sources of specific nutrients 
Sherman has emphasized the fact that cabbage 
growTi in home gardens and consumed directlj 
supplj more vitarmn C to the Amencan dietarj 
than cabbage grown on a large scale and dis- 
tributed through the regular channels We are also 


such as calcium and phosphorus during the de 
hj dration process 

There mav be a considerable loss of nutrients 
such as thiamine, ascorbic acid, and carotene dur- 
ing the storage of dehj drated products especiallv 
at elevated temperatures Heberlein and Ciifcorn 
(22) hav'c shown that the beneficial effect of inert 
gas packaging on the preservation of carotene and 
ascorbic acid in dehj drated fruits and vegetables 
IB over-shadowed bj losses due to elevated tem- 
peratures of storage Thiamine is most susceptible 
to destruction unless the moisture content is re- 
duced to less than 2% For example, in dehv drated 
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ineit (23) most of the (liminiiit U!ts stable at 10” 
F but at 70° F there was u defitiili' loss after ft) 
clays, and a huge loss aft ei 12 weeks Vl 100° and 
120° F the loss was apiaucut aftei one week and 
dmost coniidctc after 10 weeks of stoiagc 'J'hus, a 
speedic batch of cloh\dra(ecl jjoik storc'd feu 10 
weeks itl00°F would be of little \ ilue as a source 
of thiamine e\en if the onginal pioduel showed a 
A aluc of 1 4 mg jier 100 grams 

Furthermore, the v dues gi\ c n in the t ible do 
not allow foj eooking hisses If is important to 
emphasize that the losses due to proe essmg in the 
kitchen are not as great is sonic workers ha\c 
suggested if a leasoii ible iniount of eare> is take ii 



In an extensive studj bj Fljnti end llogaii (24) 
the total over -all loss in sev’cral meals was 10% 
for vitamin \ and thiamine, none for iiboflavin, 
13% for macin, 23% foi ascorbic acid and 13% for 
ash One-half of the fat was lost oi discarded from 
the food before it was hnally servmd Similar 
results havm been rc polled bv MeCav (25) in 
studies on ^•av j i it ions 
In order to determine the exact losses due to 
cooking we have the problem of how to calculate 
the amount of loss The loss may be calculated on 
the basis of dij weight in the original and in the 
cooked food oi bj the per batch method The ex- 
perience of the Committee on Food Composition 
indicates thit the latter method is the most picf- 


< ruble III some cases, at hast, the losses due to 
cooking an difTeieiit cm tla small scale and large 
sc ah jirni c diiri s 

'I’lihlcs ( gives a VC rv preliminary siimiimry of 
the retention of nutrients during institutional 
cooking Til the future vcc in iv have fnhhs which 
will show the lompcisiticm of raw foods and the 
s line foods nf|( r ( ooking In fni t , the Yardstick, 
prcjiiired bv flit National Livestock and Meat 
Hoard me hides v ilues of this 1 ind However, at 
presiiit the Committee on load Conifiosition 
hopes to supfileiiieiit the tables given iri I’ub- 
lieiition No ,572 with values showing the average 
retention ehiring average eooking firoectltires 

1 iiiallv we must not overlook the fact that there 
an Htill miinv fiutors which eniinot be nieasurctl 
eiuanlitativelv ind there fort , do not appear in the 
'J'ahles of hood Composition riiere are still new 
factors to he isolated and naturally no figures 
for these factors ajipe ir Ihiis, one eif (he dangers 
resulting from the use eif Tables of 1 ood Composi 
lion IS that if a diet meets the recommended 
dietary allow ante s as talculated from these tables 
it IS assuim (1 that the diet is oiitiiniiin One of the 
best examples of such a limitation relates to the 
incidence of ek'nliil caries There ire undoubtedly , 
ninny factors involvcel in tin jirevention of canes 
which are not measured by tbc recognized quan- 
titative methods However, it should theoretically 
be jiossiblc to extend the number of tolumns in a 
t ible ns more information is obtained and at some 
later elate wc should have sufTicieut columns to 
take e ere of all of llie nciessary nutrients 

In conclusion, I Hunk it is important to cm- 
lihiibizc that ilthough we have added manv foods 
ind several nutrients, wo hav'c the same problems 


today which Vtwater (2G) lecognizcd 50 years ago 
In U S D 1 Bulletiu21, Atwater made the follow- 
ing statement “Inv estigation IS especially needed 
in (wo directions (I) the study of the methods of 
analyses with a view to then improvement and (2) 
analy'ses of a sufhcient number of specimens to 
givm a cloai idea of the range in composition an 
the average proportion of ingredients m ® 
m itcnals in common use in the U S’ 
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With the adAcnt of Borld War II, national sci 
entific resources were organized for offensiae and 
defensiAe w arfaro Bffth the pattern of World War 
I as the onlv precedent for the OA'aluation of the 
weapons of war chemical warfare loomed as a 
potential source of offensne power as well as i 
measure requiring strong defensive action Each 
as the conflict drew to a close the necessitj for 
continued vigilance and sustained effort remained 

The responsibihtA for preparedness in the 
medical aspects of chemical warfare was dnaded 
between three mam groups working in close co 
operation the Committee on the Treatment of 
Gas Casualties, NEC, under the chairmanship 
of Dr Ablton C Winternifz, working in coopera 
tion with the Committee on Medical Research 
under Dr A N Richards Division 9 (Chemistn 
Division) of the N D R C , under Dr Walter 
Earner, which included a subdiAusion on Phjsio- 
logical Mechamsms under Dr Homer W ‘'raith 
and the Medical Division of the C W S , under the 
leadership of Colonel C P Rhoads and Colonel 
John R Wood The C III R and N D R C groups 

' Major, Sn C , AUS 


were comprised largelj of icadeniit personnel 
employ ing established uniAersitj facilities On the 
other hand, the research facilities of the Medical 
Dnision of the C W S were greatlj e\paiided for 
the task it hand In close collaboration with the 
American inaestigators, and indeed preceding 
them in the initiation of organized effort due to 
the earlier impact of the war, were lanous aca 
demic groups and niilitan researdi installations 
of the Bnfish Commonwealth 
Of the innumerable problems iS'>ociatcd with 
chemical w irfare two are of outstanding pharma- 
cological interest, nanielj , the screening of thou 
sands of to\ic compounds for their potential aalue 
as chemK al w nrfare agents and the elucidation of 
the basic pharmacological actions of established 
and promising chemical warfare igents m order 
to define therapeutic procedures for the Irealment 
of anticipated c isunitios 
From the start of this \ ist program eiuphasis 
was placed upon basic research under the issump 
tion that oiih b\ an understanding of the funda 
mental mechanism of action of toxic Agents could 
an intelligent approach to problems of therapj be 
undertaken Moreoaer, in the sjnthesis of new 
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(licniicil \\urfiic gfiHos tliL icI ilionsliip Octufen 
cheniK il coiihUtulicm iiul jtiijuiu'u luh nniUK ii< 
tioii w IS tlir for il point of i plinmi d niiiiro'ic li 
Coo])fnting in tins (\linsi\(> jnof^inm win 
(lionnstb, bio-pln sicists, Inolo^^ists, [iln sioIokisIs, 
phnnnncologisls niii ilimnans \s i In niii ilwir 
fare researrli unfolcloii, finitful I)\pttlis wore 
reiciled winch litci ill\ (Irnnniiiil r\pIoi ition 
The serMtes of the genet ii isl, i lirnni nl einhrvol 
ogist and c^tologist wi le enlisti d to licl|) ih fun 
Ihe kdeidoscopit picture tiint w is d(\eloinng 
To llic ph uimcologist this rose in h had spti lal 
significance foi the ford jioinl of tlir iinrstiga 
tions were highh time rlioniii d aginits or, in 
otlier words, highh utne dings 1 ndi i tin 
impetus of t lie w ar effort dings were hung s( riKi- 


tans in tlie hi In f that the |o\i( n tion of arsenic 
on nils w IS dm to tin inai tiviition of essential 
thiol ( oiniioiiiids If a thiol loitld hi sjntliesircd 
whiih foriiu d i h ss dissoiiahh fonij)lr\ with 
irsi nil than that forim d with nalnrd rellulnr 
( onstitin ids, it slioiild piwsrss sigmfirant anti- 
ilotal \ dm 'I III' ( fin ir\ of nioiiothiols in tins rc 
gird IS will IS tliMi Iiiiiit'itioie' was ( arhtr dcin 
onstrat<dh\ \o(gthn(l) iiid hv 1 igh (t) 

'Jin iiotahh sih imi lontnhtUidhi tlie inonccr 
Hritish iiuestigations was tin ileinonstrntion In 
Sloe kin and 'J'iioinpson (!) that tin dithiols were 
iniK h nion ifTiitivf in ri iirsing the inhihitorj 
ilTeits of ir“( nil on ,^II < out lining ciirinn sis 
ti ins tliaii inoinithiols Ontstanding in this regard 
w IS 2 ! diim ri iptojirop nnd now more famiharl} 
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mzed by gioiips of divoigont inteicstb with the 
elucidation of fundamental mechanisms of action 
as one of the goals As might be expected from 
such a piogiam, theiapeutic applications for many 
of the igents suggested themselves The following 
IS i brief review of the status of three compounds 
which have leceivcd clinical evaluation Un 
fortumtel}’- in such a brief review the basic con- 
tnbutions of many investigatois must lemain 
uiimtntioned 

BAL (BIUTISH ANn-IFWISIXn) 

Earlj in the comse of the wai, Bntish investiga- 
toi s turned then ittention tow ard the synthesis of 
antidotes effective in neutralizing the actions of 
the arsenical \esicants On the basis of the classi- 
cal studies of Voegthn and associates (1), Peteis 
and coworkcis (2), as well as subsequent contribu- 
tions antidotes w'ere sought among the niercap- 


known IS BAL (British Anti-Lcwisite) which has 
the following structural formula 

H H H 

! 1 I 

JI— c— c— c— H 

I I I 

SH SH OH 

In u short time Aniciiciii investigators joiued 
the British in research on BA.L (5) The technica 
difficulties of large scale sj nthesis were solve 
yield a chenucallj pine pioduct of niimnml o\ 
icity JCuineious groups devoted their efforts o 
stuch of the pharmacology md toxicologj o 
BAL (G, 7) Various congeners of B'VL were 3\ii 
thesized Of these, BAL glucoside, first prepare 
b}"- Damelli and cowoikeis (S) may prove o 
less toMc and at least as active therapeuticnin 
Laigelv thiough the efforts of Eigle and us s® 
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cl^U‘^ (0) Htnbk impiritions of BATj in ml suil- 
\ble for intr iniusculnr idmmislntion were dc 
^ eloped, for it wns cirh rceognirod that BAR wnb 
Inglih cffectno igiiiist oxpcnincntal sjstcmu 
iracnic poii-oning w will is the locil effects of 
arscmeiil \e«ici\n\'' 

Vs vn e\ampU of tin efhcac^ of B VL in the 
ireitment of s\bteini( irsenic poisoning the data 
of Engle and associ iti s (O’) irc presented in tables 
t uid2 Clcirh csiduit isthooutstniidingactmti 
of n ditluol in compinson with v mouothiol ind 
the f let that B VE thornpt is effeetue c\cn if de 
Ined for severni hours following the adininistrn 
tion of nn aisenu il 

The f let that BAI w isiflcctne in c\pcuinental 
ar-tnienl poisoning prompted its clinic il trial 

T\BLE 2 

The f^cocy o/ inlramu*rulor BAL tn the treatment of «j«lemic 
picnyl orifnoiKfe (iyrfroly nt })i(n;/WicAloror«tne) pcnjoniny 
inrottili (after Baste Uaffriueon and Ftn*ehmait, tffih) 
Treatment mtli B t.1, (in peanut oil) was befom 2 hours after 
tlie Kijcetion of the arsenical and cnen in 4 criual doses nt4 hour 
inteia-als, followed bj ainsle dnil\ mjcetions at the same dosiiRc 
let cl, for 3 days 
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Mive and well after 30 doj-s Pntreated controls died in 14 
hours to 6 days 


That humans could tolerate cffectii e doses of BAL 
was soon established (9, 10, 11) Although the 
intramuscular admimstration of 5 0 mg /Kg of 
BAL in oil maj cause the patient some discomfort 
in the form of lacnniUion, burmiig of the lips, 
drjness of the mouth and throat, generalized 
muscular idling, restlessness and ner\ ousness, no 
sec ere reactions ha\o been encountered and the 
effects of smilicr doses are imnimal The unto 
ward reactions to B VL seldom persist for more 
than 30 minutes lud in)ti lions can be made at 
inter! ils of four hours 

BAL has bieii emploctd chnicalh m the treat- 
ment of the Minous irsemcal reictions aceom 
pauj mg sc philolherapc , including arsenical en- 
cephalitis, dermatitis agranulocjtosis, fecer and 
jaundice (9) Although the final ec aluation of BAL 
must aw ut more ecteiisice stude , earlj reports 
nuheatc i dramatic imehorafion of scmptoius and 


i marked reduction in expected mortalitj Ac- 
companjing the use of BAL in both experimental 
uid clinical arsenical poisoning there is a precipi- 
tous increase in the excretion of arsenic cvhich 
follows immcdintclc iftor the injection of the 
thiol (9) 

That BAL might proce effective in the treat- 
ment of poisoning bj other heavj metals cc as earlj 
appreciated Extensive studies on the antidotal 
effects of B VL in experimental mercurj poisoning 
(12) liave rcccaled a sinking antagonism The 
reaction of one mol of BAL with one of Hg++ tn 
vitro results in the formation of an insoluble mer- 
caplidt which can he solubilized by the addition 
of another mol of BAL to x leld a complex of e\- 
tremelj low dissociabilitc The reaction maj be 
depicted as follows 


SH 

/ 

R + Hg++ 
\ 

SH 


S 

/\ 

R Hg -f- 2H+ 

\/ 

S 


S SH 

/\ / 

R Hg 4* R 

\/ \ 

S SH 


NaOH 
— ^ 


S — Hg — S 

/ \ 

R R 

\ / 

SNa NaS 


It IS beheced that tlie cfficacj of BAL m the treat- 
ment of mercurj poisoning is due to the rapid 
formation and excretion of this relativelj undis- 
sociated soluble complex 
The results obtained enth BAL in the treatment 
of expenmentnl mercurj poisoning in rabbits and 
dogs are presented in tables 3, 4 and S Again the 
cfficacj of therape is decreased the longer treat- 
ment IB delajed However, protection could be 
ifforded dogs as late as tw o or three hours after the 
intravenous, and five hours after the oral admims- 
Iration of mercuric chloride In those experiments 
in which mercuric chloride was gicen orallj the 
dogs invariablj had a severe diarrhea before the 
imtiation of treatment No supportive therapj 
was afforded, nor was lac age performed The sec- 
ondarj effects of dehj dration and electrolyte loss 
had to be corrected bj voluntarj consumption of 
food and fluid In spite of this severe test the ma- 
jontj of animals recovered even when treatment 
was delajed for 5 hours and m most instances 
death was unassociated with renal insufficiencj 
but rather was the result of the severe gastro- 
enteritis which often was advanced before the first 
dose of BAL was administered 
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The Bucp(ssfvil tuiilinoiit of ( vppriinontnl 
incrcurj poiboiunp bj B\L was tlic preliidp to its 
clinical trial m luiman poisoninp; bj Longcope and 
Leutsclicr (13) The first ( ist was not seen until 
13 hours ift(.r the in{;estion of mcrcur\ , was 
treated with inuleiiuite doses and surennibed 

T\nn. 1 


wen dirnatnis of Ihiorofihosphorir ntid Tlir 
fliioro[)hospliates as a group inliibit chnbnesternsr 
Sodiiiin fluoroiihosjibate ils( If jiosspsses fhisaction 
to a siRnifi(ant drgree llowevir, if alkjl groups 
are siibslilulrd for tlu birlrogen, nntirhohne« 
tirasf arluil} is gnath enhanred and tlir rom 
pounds lieroinr Iiighh biioid soluble One of tlu 


The effect of viercaplan thrrapii in rnhhitf foUnieing the intracrnoiif 
adtmtmtrahon of on LDtt of UgCl 
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most icti\o numbers of the series is di-isopropjl 
thioroj)hos)ihal( w Inch has the followingstructiinl 
formiil i 

O 


TAULL 4 


The effect of BAL and BAL pliicendc thcrapp iSy.0 0.jmM /Kg 1 
in dogs receiving 4 0 mg /Kg ofllgCl wtrarenouMu OLDm) 
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Thereafter, with improved therapy, to the time 
of this writing, 26 successive cases have recovered 
uneventfully Of these 11 ingested 1 6 grams of 
mercuric chloiidc oi more The most stiikiiig 
features of BAL therapy have been the prompt 
relief of even the most alarming symptoms, the 
rapidity with which the patients made a complete 
recovery and the low incidence of significant renal 
complications 

rntJOROPHOSPHATES 

From the pharmacological point of view some 
of the most interesting compounds investigated 
during the course of chemical w'arfare reseaich 


c>ir o— p— Of ,ii 


Di-isopropjl fluoropliospliate (DFP) is not onh 
highly attne as an anticholinesterase, hut of 
gre iter interest and significance is the fact that 
the inhibition of chohnebter ise is irreversible (H) 
Thus, onlv In (he sjnthesis of new enz 3 nic can 
the abihtv to hvdrohre acetjlcholine be restore 
(15, 16) The eonipound, therefore, possesses great 
potentialities both as a research tool and 
peutic agent For evamplc, bj the use of 
not onlj can pharniacod} namic action be direct v 
correlated with the lev'cl of tissue chohnesterasc, 
but also the rate of regeneration of the enzjnic m 
various tissues can be studied What is more, t ic 
chronic effects of reduced cholinesterase ' 

can be readiljf follow ed (16) It is not possi e a 
this point to give a detailed account of the 
cant facts which have alreadj^ been revea e . 
experimental studies on DFP, but a few ° ' 

more pertinent observations will be 

Scnsiliutli/ of cholinesterase to inhibition y 
In figure 1 are showm the concentrations o 
necessarj to inhibit the cholinesterases from va 
ouH tissues in the rat Of particular interes i 
high susceptibility of the serum c o ines ® 

This has been evident m almost every sp 
studied 
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In MOW of the high susccptibihtj of serum 
cholmcstcr'vsc it is not surprising to observe that 
following the injection of DFP it is possible com- 
pletoh to inhibit the cnzi nit in the scrum without 
significintlj affecting that present in other tissues 
\s might be tspected, no pharmacological re 
sponso accompanieb the inactuation of serum 
I hohnestcraso ilono This fact demonstrates the 
fallaca of rcliting the pharmacological action of 
inticholinosterasc drugs to tlic effects on an 
enzj me not directlj concerned with the destruc- 



Fig 1 The inhibition of rat cholinesterase bi 
di isopropj 1 fluorphoaphate in vitro 

tion of acetj Icholine at the site of its release 
Moreoaer, it has been revealed that close to 80 
percent of the cholinesterase present in the 
nerious tissue and muscle of eapenmental am 
iiials must be inhibited before marked derange 
nients in sjnaptic transmission are evident (16) 
Tissues regenerate cholinesterase at a charac 
teristie rate In all species studied serum cholin- 
esterase IS complete^ regenerated within a period 
of a few weeks Scicral months are required, how 
e\er, before the enijme in brain and muscle 
returns to its prt injection leiel It is of interest 
that the chohnesterast in red cells reappears onlj 
as a result of erj thrupoietic actn itj Thus, the 
time for the replacement of red cell cholinesterase 
is a measure of the lift c\ cle duration of the erj th 
rocate and aaries from approximatelj 10 dajs 
in rats to 100 daa s in humans (15, 16) 
rho effect of DFP oil iransimssion of the nerve 
impulse DFP should proae to be a highh useful 


drug for the ciutidation of many problems con- 
cerned with the role of acetylcholine m the trans 
mission of the nerve impulse Studies on sjmaptic 
transmission hate not yet been undertaken 
However, DIP has been applied as a research tool 
to determine the effects of the inhibition of 
cholinesterase on conduction in nerve fibers as 
revealed by nerve action potentials It has been 
show n that in the isolated sciatic nerve of the bull 
frog no disturbance m conduction results from the 
complete destruction of cholinesterase (17), a 
finding wluch is scarcclj compatible ivith theones 
which assign to aceti Ichohne a significant role in 
ivonal conduction 

Therapeutic applications DFP immediately sug- 
gests Itself is a possible therapeutic agent in the 
treatment of nij asthenia gravis, glaucoma, and 
other conditions subject to sj mptomatic rehef bj 
the inhibition of cholinesterase Studies in mj as- 
thenic patients have been conducted bj Comroe 
and issopiatcs (18) and Harvej and coworkers 
(19) These inaestigators hate shown that DFP is 
not onlj capable of increasing muscle strength in 
this mj opatht , but also the effects are much more 
prolonged than those obtained with prostignune 
Howeter, undesirable side actions, especially on 
the gastro intestinal tract, preclude the possibihty 
of giving iiiaMmallj effective doses However, 
Harvej and coworkers have injected DFP directly 
into the radial artery of mj asthenic patients and 
m this manner obtained a maMmal local effect 
without systemic action Muscle strength was 
greath increased for a jienod of dajs This obser- 
vation permits the prediction that could an 
irreiersible anticholinesterase be obtained with a 
predominant action on the mjoneural junction, a 
significant advance m the tre itment of mj asthema 
w ould result It is hojicd that such a compound will 
be found in one of the congeners of DFP 

DPP has been emplojed in the treatment of 
glaucoma bj Leopold and Comroe (20) Not onlj 
IS It supenor to other miotics in reducing intra- 
ocular tension, but in addition it possesses the 
outstanding advantages of being non-irntatmg 
and having a long duration of action Thus, for 
continued effect, instillation of the drug can be 
m idc at inten als of daj s rather than hours 

NITROGEN MUSTARDS 

Ihe nitrogen mustards (bis and tns betachloro 
ethyl amines) are the nitrogen analogues of sulfur 
mustard (6is betachloroethj! sulfide) Their struc 
ture maj be depicted as follows in which R repre- 
sents a vaneti of alkjl groups 

CH CH Cl 

/ 

N 

1 \ 

R CH CH.Ci 
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The nitrogen inufstnrds were Bjnthcsirecl in the 
searcli foi more effective vesicant w iir gnscs Inten- 
sive investigations on their pharmacological ac 
tioiis h ive rove ilecl facts of fundamental im 
portance winch apph not onlj to the nitrogen 
mustards, but to sulfur mustard as well, in that 
both types of compounds possess similar chemical 
and pharmacological pioperties Pertinent to tin 
present discussion was the finding that the nitro- 
gen mustards, in addition to being local vesicants, 
readilj penetrate the skin to roach the circulation 
and evert generalised bVstcniK actions Thcsi 
actions can be coinpircd with those of no otliir 
drug but in manj wavs resemble those of X-raj 
Extensive investigations on the nitrogen must ards 
were conducted bv numerous worlu rs both in this 
country and abroad Onlv a few of the contribu- 
tions can bo mentioned at this time V more com 
plete review is to be published (21), wherein tin 
researches of indivuhnl investigators inav be 
found 

Chemistry The nitrogen must aids owe their 
physiologic il activiti’ to a single < heniical rent tion 
which they all share The active members of this 
senes can undergo intra-molccular cvclmtion in 
a polar solvent to form a cjclic elhvlcniinonium 
cation The reaction may be depicted as follows 


CHsCH,Cl 

/ 


N 


1\ 

R CHoCHjCl 


l' Cir-f H 

1 / 

+ ( 1 - 

1\ 

R CH Cir Cl 


The ethylenimonium cation reacts icadilv with 
anions and various uncharged nuclcojihv he mole- 
cules It IS this propert}^ which presumably im- 
parts to this group of compounds their varied 
action In pure aqueous solution at phv'siologic il 
hydnon concentration, the ethylenimonium cation 
reacts with wmter m the following manner 


CH2CH5 CITCHjOH 

/ / 

■^N + H 2 O — ^ N -1-11+ 

l\ l\ 

B CH,OH,Ci R CISCII.Cl 

If other substances are present, however, they can 
react competitively So reactive are some com- 
pounds that in their presence, reaction wnth w ater 
IS negligible Among the compounds of biological 
importance w hich readily react may be mentioned 
the alpha-amino, imidazole, sulfhydryl, sulfide, 
phenolic, epsilon-amino and imino groups of 
amino acids and peptides, inorganic phosphate as 
well as glycerophosphate and hevose phosphates, 
the amino groups of adenosine and thiamine, and 
the pyridino-N of nicotinic acid amide and pyri- 
dovine Alkylation of proteins including insulin, 


h(mogh)bin, gelatin, < rjstiiiliiic i gg allniiiiin, 
tob'uco mosaii virus, ovallmmin and profamme, 
as well as various (nstidline cnzvmcs has also 
1)1 cn dcmonslratcd to occur 'i he implication that 
the svsti line tovii ai (ion of the nitrogen mustards 
IB diu to Ihf rt action with aii> single lonipoiind 
mt ntioni (1 above is not intended However, the 
likilihood (hat thi basic mi chanism of the cjto 
(ovic action of the nitrogen mustards involves a 
similar reailion with a vital iilbilar constituent 
IS gri at 

CylotoTir nrhoii 1 lit oiitst indmg sjjteniie nc 
tion of tin nilrogi n iniislards m that v hii h caii=es, 
in a maninr still iini vplainr d, tin ih ith of nils 
As a genr r iliz it ion it ni iv be st iti d th it i clhilar 
siisci pt ibilit V is rilatid to prolifi r itivi ictivitv 
I Inis, till formed I li nu nfs of till blood first reflect 
tin ivtotovii II tion of tin nit rogi n must irds (22) 
Jins IS n lit (till in i 1\ mphiqii ni i, graniiIoi 3 to 
penia, ihromboi v tofu ni i iiiid modi rite ineniia 
'1 he miiiosi of till gastrii iiiteslinil triit is ihe 
viiliiirible itid lethal ilo'-es of the iiifrogcii nnis 
I irils I lusi I [irofiise bloodv diirrhei (21) The 
oiitst Hilling j) ithologii al li sioiis in observed in 
the Iv mph itii ll‘■sl|l , hour m irrow mil intcbtmnl 
triit (21) I.vmphatii fr igmeiilation mav he 
evident within III hours Ifiidiiig (o i (icrsistent 
Ijmphitii atrophv for i number ot d ivs The hone 
marrow hi eoiiies progressivelv di pleted anil 
eventuallv almost edmiilete ipl isi i results The 
intestin il lesion progresses from v ai uoliriition and 
nuclear bwelling of tin epithelial cells to eventual 
necrosis ind desqu xm ition with hemorrhage 
Ilitli suffuicntlv high concent r itions of thenitro 
gen imistards, ivtotovic iction mav be exhibited 
in inv tell, willioiit rclition to mitotic ictmtv 
This ictoniits for (he action of these compounds as 
contact vesicants 

\ uclroloxtr action of the nitrogen mustards The 
pronounted cjtotoxie iction of the nitrogen 
mustards has foeiisscd attention on the morp 10 
logical changes exhibited bv susceptible ce s 
\s a result it has been shown that the nuto ic 

xctivit3 uf i vanetv of cells from representative 
unicellular, inv'ertobratc, amplubiau, md 
innhnn oiganisms IS pecuharb sensitive to m " ‘ 
(ion bv the nitrogen mustards As an example naiw 

be cited the profound disturbances produce 
the nitrogen mustards on the structure and func 
tion of chromosomes in Drosophila mclanogas cr 
(25) Exposuie of both male and fern de adults to 
sublethal doses was found to reduce or suppress 
fertility through disturbances of nuosis and nii^ 0 
SIS m the gnmetogencsis'of both sexes However^, 
following exposure of adult males to low ose. 
which did not reduce fcrtiht 3 '^ undub the gene ic 
analysis of the X-chromosomes revealed a ug 
incidence of sex -linked lethals gicatb 111 
the natural rate of mutation, as wel as a 
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c lut number of traiisloc itions md in\cr6ions No 
other class of chemie il agents has been shoun to 
lu\e such specirit.it\ of icfion on chromosoninl 
mechanisms Indeed, in the past, siimhr effects 
ha\c onh been obt lined b\ the use of X rn\ ind 
ultri Molct 

\s an c\ample of the nucleotoMC iction of the 
nitrogen must irds in mammalian tissue the ellects 
of low eoncentntions on the corned epithelium 
maa bccited(2G) Mitotic arrest occurs during the 
resting phase of the mitotic ejele vaith the result 
til It the corneal epithelium can be largclj depleted 
of mitotic figures for seaeral dajs This occurs 
without \isible eaidence of concomitant cato 
plasmic or nuclc ir d image 
Inactiialion of e)isi/»ica by inirogcn mustards 
The fact th it diaersc celts and tissues which haae 
been subjected to the toaic elTccts of the nitrogen 
mustards caidencc marked met ibolic defects has 
fostered the thcora that the pnmara mechanism of 
action IS the inactiaation of essential cellular 
enzames (27) To test this thcora a wide a irieta 
of enzjmatic sjstems has been studied Tlic mi 
jontj proacd to be onla modcratela scnsitiae to 
the nitrogen mustards Those wihcli proacd to be 
highlj scnsitiae wore hevokinase as well as ere 
atine and paruaate phosphokinase inorginic 
pj rophosphatase adciialic acid deiminase and 
choline oxidise Howeaer, the fact tliat there has 
been little correlation between tlie susceptibihta 
of enza me sa stems in tilro ind m tii o h is dclaaed 
the acceptance of the cnzjme inactiaation thcora 
of mtrogen mustard iiitoxuation 
Cltntcal applications The marled effects of the 
mustards on l)mphoid tissue coupled with the 
finding that actiaela proliferating cells ire solec 
tiaelj a'ulnerablo to the catotoxic action of the 
mustards suggested the therapeutic use of these 
compounds in the treatment of neoplasms of Ijan 
phoid tissue "Sitrogen mustards in tlic form of 
their ha drochloride salts are water soluble, 
crjstalline compounds, which can be readila dis- 
solaed in sterile saline for intraaenous adminis- 
tration Experiments on transplanted la mpho 
sarcoma in mice reaealed that dissolution of such 
tumors could be rapidla oITected iltliough the dose 
required bordered on the toxic, and the tumor in 
aanablj returned (2S) The first clinical trial of 
the mtrogen mustards was conducted on a group 
of 6 patients in the terminal stages of xanous 
neoplastic diseases (29) In two cases of Ijmpho 
sarcoma in which X raa therapa had been discon 
tinued, a rapid dissolution of large tumor masses 
followed a course of injections The results were 
sufficicntla encouraging tow irrant further clinical 
expenmentation To date approximatela 150 
patients haac been treated bj seacral groups of 
maestigators (30, 31, 32) For the most part ob 
servations haae been linuted to selected cases of 
Hodgkin’s Disease, Ij-mphosarcoma and leukemia 


The clinical results obtained bj the indiaidual 
groups will be published ns a samposium in the 
near future In the meant line the findings rona be 
summarized in general terms The most faaorable 
effects have been obtained in p itients with Hodg- 
kin’s Disc ise Remissions characteristic of those 
aaliich follow careful \ raa thcrapj have been 
observed Svmptomswere quicklj , alleviated and 
phj steal evidence of Ijinphadcnop ithj , splcno 
mcgaly and hcpatomegalj regressed It w as neces- 
sarj to repeat the treatment at intervals varjing 
from 1 to S months Less favorable results have 
been obtained in cases of 1 j mphosarcoma The 
response in acute and Ivmphogenous and maelog 
enOHs leukemias has been disappointing 
The action of the available nitrogen mustards 
on IjTiiphoid tissue has not jet reached that de- 
gree of spccificita which precludes undesirable 
actions on the hem itopoietic sastem Vt present 
dosage IS limitid bj the occurrence of moderate 
gramilocv topenia, thromboev topenia and anemia 
However, with careful regulation of dosage an 
adequate clinical response is usuallj obtained 
without affecting the formed elements of the 
blood to a serious degree In addition nausea and 
vomiting are a era likela to occur for a brief period 
ifter each injection No other undesirable effects 
on the gastro intestinal tract haae been observed 
Vlthough some patients rcci iv ing nitrogen nius- 
t irdsh IV e been obsera cd for i period of 2S months, 
the evnluition of the clinical status of this group 
of compounds will require mina more aears of 
careful «tud\ Vt present there is no basis for as- 
suming that the theripeutic efficaca of the mtro- 
gen mustards is ana greater than that of X-raj 
It IS possible that the potential value of the 
mtrogen mustards m the treatment of neoplastic 
diseases wall onla be fulla realized when the oppor- 
timitj to explore the relationship between ihemi 
cal constitution and pharmacodanamic action has 
been exhausted Vt present onla two of the nitro- 
gen mustards have been investigated clinicallj , 
namela , Ins (beta chloroethvl) amine ind methji 
bis (beta-chloroet ha 1) amine These haae been 
the product of a screening program designed for 
the cv ablation of toxic chemical warfare agents 
ritlier than of compounds of therapeutic interest 
Litcralla hundreds of congeners remain to be san- 
Ihesizcd and evaluated Thus a senes of com- 
pounds which can reproduce in mana wajs the 
cellular effects of X raas is aa ailable for chemical 
ind biological investigation It maj be hoped that 
the previous successes which haae characterized 
the evolution of chemotherapeutic agents by 
chemical alteration of a parent compound mav be 
duplicated in the case of the liota chloroethjl 
amines The result w ould be a compound haa mg a 
sufficientlj specific toxac action for certain t) pes 
of proliferative cells to possess therapeutic value 
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classified reports ^^hIcll uc not 'uailalili for dis 
tnbution Therefore, lefoK'iites in' in idi to flu 
invcstiRator iiui the jeai of Ins lesciri h Ilistoln 
anticipated tli it ill of tlic rejioi ts ( iti d i\ ill e\en 
tinlh ap]ioar in the ripi n liter itiin 
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L V \M) P 11 b Thomison lOIO-IOIt (,')) 
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1945 (C) Bi MINI., II , W Oni)M\^,lI IUuhison, 
S DuRLACiint \M) W h Vliiiunk 1012-1011 (7) 
Cattell, McK , II Goii), \V Mom 1 1 , \I II 
CiiENOit rni, S Kroi’, P Hi itiitotK, 1 losnu 
undW P Bikhi 1912-1011 (S)D\miiii, I 1 
ET AL 1044 (9) LaCLE, II , II I M\C.M son AM) 
R Fleishman 1913-1044 (10) Ooin, II, \\ 

Modell anu ]\IcK Catteli , 1914 (II) Sei7- 
behger, M B,R L Bair \ni) V Kanoi 101 1 
(12) Gilaian, V , R Vilen, P Piiiiies vnd 12 
St John 1944-1045 (13) loNitoii-, W T vno 


I \ I,i ( isMiin 10I5-I9I() (II) \I\tKi\oi(TH, 
I 1 1013 (15) M \/I II, \ AND O IlODANsKT 

I lliol fill III In pri ss (10) Koi 1 1 f , G 11 \nd 
\ Gmm\n 1 Pliarin I nix r J’hfrap In pms 
(17) Cm s( III r 1 1 , r , G B Koi 1 1 1 and V Gii- 
MAN I Neiiropht Miol In pri ss (18l CoMitoi, J 
VND vssoiivris 1015 (I!>) IIarviv, A M and 
vssotiviis loi'i-lUK) (20) InoioiD, I h and 
1 COMIIOI lOI'r-lOK, (21) (.II MAN, \ VND 1 
Piiiiii-. ‘'I i( III I In pill', (22) In -> 1111 VI nil, 
C C 1012 (21) hvillll, II W VND VssOIIATM 

lolt-1015 ( 21 ) K vi’Noi-^EV. I) I Gitvii vndL 
Vddis, 1012-1011 (25) Viniiivdi, C, M ^ 

Vnsvki \nd 1 M ItoiisDN 1012-1913 (20) 

1 an Di Nvv M 1 ), I h , It O "SI iiDi /, II Herman 
VND I IllLKMVN 1011-1015 (27) Pi PI US, 11 \ 

VND vs-o(iAiis 1011 (2 n) Dm (HIRTV, T , V 

Giimvn I, Goodvivn vnd I DmniiFurv 1942- 
1011 (20) CliiMAN, V , L Goodvivn, C. I Lind 
sEoi VND 'I Dm I III II I V 1012-1013 ( 30 ) Jacoh 
SON L 0,C I, s„,,i„, 1 s (, IUruon, T 
‘^Mirii, C Pisiiiivti,!! VND G F Dice 1010 (31) 
Goodvivn,!. "s M M \\intuoiie,W Damfsiiek, 
M I tiooDvivN, V Giimvn vnd M T McLfn- 

NVN 1010 (32) ItllOVDs C P VND ASSOCIATFS 

1010 


INSEC riCIDES AND RODENTICIDES 


FREDERICK S PHILIPS' 

Scctioii of Phai macology, Medical Division, Chemical Warfare ScnicC, Ldytxiood 


Irscnal, Maryland 


In the latter pait of 1941, vvhen the active 
participation of the United States m Woild Wai 
II appealed inevitable, the Division of Pre- 
ventative Medicine of the Surgeon General’s 
Office of the Army uiged the Coininittee on Med- 
ical Reseaich of the OSRD to sponsor the 
dev'elopment of supenoi insecticide jnepai ations 
for the armed forces The uigenev of this pi ogiani 
was manifest by the an\ious coiicein ov^cr the 
anticipated e\posuic of Ameiicaii troops to inscct- 
boine diseases like typhus, malaria, dengue, and 
hlanasis Thus shoitly aftei Pearl Harbor the 
Bureau of Entomologv of the Dep irtment of 
Agricultuie with the suppoit of the CMR 
oiganized a laboratoij at Oilando, Florida to 
-search foi potent lousicides, laivicides, insect 
lepellents, and lethal agents foi the eiadication of 
adult mosquitoes During its piofitable eNistence 
this laboratorj’^ and othei units within the Buieau 
of Entomology hav'e screened over 7,000 com- 


‘ 1st Lt , SnC 


pounds for Icthalitj ami repelleiicj against a wi e 
v’arietv of insect pests ind vectors of liunian 
disease Coini)ounds weie cooperativ elj supp >6 
bv various industiid, univcrsitv, md govern 
niciit laboiatoi les 

Befoie poteiitiallj useful iiiscctieulcs an rc 
pellents could be released for use bv 
SCI vices, ciicful studies of the toxicologv o 
agents in iiiamiiials became netessarj 
iiiglv , eailv in 1943, the C DI R obtained t 'c -or 
iccs of the Division of Phaimaeologv of t e 
and Drug Administiatioii under the xble ain 
less Ic idcrship of Dr H 0 Calvcrj Later o ' 
poitaiit woik of the Food and Drug 
augumented bj others principallj from ''' ^ 
the National Institute of Health of the 
Public Health Service , ^ 

The glowing success and the magnitu e ° 
pioblems aiising fi'oni this coopeiative ^ 

led, in the fall of 1944, to a leoiganization 
the OSRD of all leseaich projects ^ 

insect contiol The Insect Control Committee 
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was formed within the 0 S R D to net as a co 
ordinating l>od\ ind to ad\jsc interested medical 
authorities within the armed forces More roccntlj 
the Insect Control Committee b\ transfer to the 
iiisjiicos of the National Research Council has 
acquired perniniieiit peace time status It was also 
during the latter part of 1044 that the Chemical 
Warfare Sera ice of tlie Vrmj and mnnj of its 
aasociatcd uniacrsita laboratories within the 
N D R C and C M R ofTcred the unique services 
of an organisation designed for the chemical 
offense of the human species to the more pressing 
chemical campaign against the insect pest 
Paralleling the search for new insecticides in 
vestigators within the Fish and Wildlife Service 
and certain groups within the CMR were 
actnelj engaged in developing more potent ro 
dcnticidcs for the armed sen ices At the outbreak 
of World Mar 11 the known rodcnticidcs had 
either been limited in av ailabilitv or were none too 
effective In the summer of 1944, the Division of 
Chemistrj of the N D R C made av ailable for 
these investigations main compounds which had 
for various reasons been discarded as candidate 
agents in an cvtensivc 'crccning program designed 
originallv to develop new war gases Later all the 
rodentioide research was brought under the 
auspices of the Insect Control Committee ” 

It IS not possible in this brief icv lew to mention 
the manv facets of the overall research program 
described above nor give deserving credit to the 
various groups of civilian and militarj investi- 
gators both in this countrv ind in the British 
Commonwealth, who were enlisted against the 
insect and the rodent before the termination of 
M''orld War II Rather, the present rev lew is de- 
vmted to notable topics of lasting pharmacological 
interest derived from recent insert icide and ro- 
denticidfi investigations To the credit of the 
leaders of this war research basic studies on the 
mechamsm of action of the toxic insecticides and 
rodenticides were encouraged m the nudst of the 
more urgent practical search for new chemical 
controls of the pests of humans Full support was 
given the concept that such basic biochemical and 
phj Biological knowledge could promote the de 
velopment of agents having specific tovicitj for 
insect and rodent pests and contribute profitablj 
to the investigation of therapeutic controls foi 
possible human intoxication resulting from the 
wade spread use of these agents 


•It is appropiiato to express appieciation to 
Drs ‘C C Stock and R A Ormsbee of the Insect 
Control Committee, National Research Council, 
for their clarification of the organizational back- 
ground of wartime research in insecticides and 
rodcnticidcs 


INSbCTlCTDtS 

DDT The outstanding contribution of the 
cooperatix’c effort mentioned above was the 
development of the now familiar insecticide, DDT, 
l-trichloro-2,2 btsfpara chlorophen}'!) ethane 
(Sec various publications of the Bureau of En- 
toniologj , U S D A , in the Journal of Economic 
Entomologx for 1944 and 1945 ) In addition to its 
anticipated value ns an important agricultural 
and household insecticide, DDT has alreadj 
proved to be a potent medical weapon for the 
control of insect borne disease Convincing and 
often dramatic results have attended the use of 
loiisieidal powders containing DDT in the pre- 
vention of wide spread epidemics of tjphus fever 
among civilian populations of devastated areas of 
Europe (1) Moreover, while alreadj foreshadowed 
b> observations made during the course of the 
war, the vv ide spread use of the agent in mosquito- 
infested areas nm\ be expected to effect signif- 
icant reductions in the incidence of mosquito- 
borne diseases 

Among the more important characteristics of 
DDT is Its relativ'ely low toxicitj for mammalian 
species It IS highly insoluble in water and is not 
readilj absorbed from the gistro intestinal tract 
or skin In most laboratory mammals the minimal 
lethal dose, following oral administration of DDT 
dissolved in edible oils, is several hundred mil- 
ligrams per kilogram (2 3 4, 5) Even after intra- 
venous administration of emulsions of DDT, 
acutely lethal doses are of the order of SO mg /Kg 
(6) On the other hand, the agent is readily ab- 
sorbed from the surface of the insect body and 
the external application of 10 to 20 mg /kg is fatal 
to insects like the cockroach (Penplaneta omen- 
cana) and the housefly {Mxtsca domestica) (7) 

The general pharmncologv of DDT in mammals 
IS at present reasonably well known However, the 
specific events to be expected m cases of human 
intoxication can only be predicted from obser- 
vations of laboratory animals In spite of the- 
extensive employment of the agent m the past 
few years, no positive instance of human poison- 
ing has been v erified Sev era! hundred suspected 
cases of intoxication have been scrutinized care- 
fully, and onlv in rare instances have untoward 
findings been reported These could be attributed 
to toxic effects of the soh ents of DDT and not to 
the agent itself (S) 

The principal pharmacological actions of DDT 
in both the insect and the mammal are centered in 
the nervous system Both groups of animals in 
response to toxic doses exhibit tremor, postural 
deficiencies, and extreme comnilsions The typ- 
ical tremor and convulsions observed in mammals 
have been generally attributed to the toxic actions 
of DDT on the central nervous system at levels 
higher than the spinal cord More spccificallv the 
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tieinoi, isMioigiii uul dj'Cuotim of j)oisoncil <IogH 
c>its, iml monkc^s icsciiiblo dinical inimift't 
tations of acute (lecerchcllatiou (0) aiirl, iti furl 
e\tensivo jjafliologicnl oliaiigcs ha\( bt t n ob 
served in the tcicbclluin of dogs following jiro 
longed clnonu idininisliation of DDJ’ (10) 
Fuitliermoio, ( lec tio( ncojdialogi'ijiliic studies of 
cats and montv('\s following atuli' iiitoMcation 
have revealed inaikcd I'lectrical cli iiiges in tin 
motor cortex iiuK ai ions regions of tlie leu belluin 
to a degree suggesting i speiilii toxic ution on 
cortico ceicbellai tiacts (11) 

While the ^ensitivit\ of tlu liigla r levels of tin 
central neivous s\st( in IS the jnoininent featun of 
the neurologic il manifestations of DD f-poisoii- 
ing in mammals, it is gcnei dl\ com i di d that I hi 
peripheial nervous sjstem is laigelj iiuohid in 
the neurotoxic ictions in insects and other ir 
thropods Local aiipliiation of DDT in dilute 
concentration to motor axons ean ii'.iilt in spon 
taneous, multiple electrical disc hargi s w ith r< peti- 
tive and tetanic contractions of the inmrvated 
muscles (12) Moieovci, cx])osure of projiiiocep 
tive, sensorv bodies to DDT initiates marked and 
spontaneous piopagated impulses in iffcrcnt 
sensorv fibois (13) Vlthough the agent ma\ also 
act dirccth on cential ganglia (7), the spon 
taneous electrical activitj of the isolated ventral 
nerve cord of cockro lelies remains unalteied nft< r 
direct application of DDT (Id) 

In addition to the neurotoxic ictioiis of DDT in 
mammals two othei imjiortant iihaimacological 
properties have been observed which aiipcai 
associated with the fact that the compounel is a 
chlorinated hvdrocaibon Acutelv lethal doses 
sensitize the mimmalian injocardium to svau- 
pathetic stimulation with the result that veii- 
triculai hbrillation is i freeiucnt cause of dc ith in 
the largei mammalian species (14) Caidiac failure 
IS usuallv piccipitated bv DDr-induced con- 
vulsive seizures which typicalh invmlvc a inaiked 
sympathetic component Like othei chloi mated 
hydrocarbons DDT is hepatotoxic and path- 
ological changes aie piominent in the livers of 
chronically poisoned mammals (15, IG, 17) 
Considerable attention has been diiected toward 
understanding the basic chemical mechanisms 
vvherebv DDT disturbs noimal cell function 
DDT IS foi the most pait chemicalh unieactive 
in vuo Laige amounts maj be stoied foi con 
sideiable pciiods m fat depots and onh small 
fi actions of doses pieviouslv administeied arc 
excreted in i chemically changed state (3, 18, 1‘), 
20) Of the postulated intermediates in the metab- 
olism of DDT none is known to be more toxic 
than DDL itself The agent has not been found 
to inhibit enzvmatic leactions m vitro (21), noi 
ire specific enzjmes like acetjlcholine esterase 
^inhibited in vivo bv the administration of amounts 


suflu i( III to ( atisi in urological abnormalities 
(22, 7) Wliih sigmlnanl ( hangi in the mi lab 
olism of ( arbohv drat' an ob-,! rvi d in intoxirated 
iiminmals (2{ 21), thiK app> ar *-( condarj to the 
sevire intisi iilar lulivilv mariiftstid bv the 
jioisoiif d animals 'iiinilarlv, minor chaiigi s have 
belli noted in tin metabolism of tissue slices 
isolatid from intoxii it» d mammab which mav bt 
till 1 oils/ i|U( III 1 of a mon firiinarv ji itholngiral 

I fill I of DDP (2!, 21, 2'.; 

rill rilativi inertni M of DD r toward clii inical 

II u tioii w it h liv ing t issiii s IS to bi i ontrasted to 
till rijnilitv with v Inch tin agi nl lan inihicf 
fiini tion il (hang/ i in sus/iptible rells The 
responsi ol tin iiH/it or irnstauan nerve to 
topiial applnation ol 1)1)1 is iinmiiliatc (12, 13) 
'siiiiilarlv , I h iiig/ s in the iliitroi inliograiii and 
outward inamfi stat ions of poisoning in mammals 
follow ilosilv ujion tin ml ravi nous administra- 
tion of tin agi nl fti, II) It has, indicd, been 
siiggisicd that tin DDT molecule maj act upon 
inrvous stnnturis bv r ipiil phvsico chemical 
idsorption at tin surfnie of nerves resulting m 
disorganization of the surface membrane and de- 
rangcmi nt of normal nerve function (12) 

llcxocliloroc’icloticxanc Of the manj compounds 
which were survivid as jiotential insecticides 
during the loiirsc of the war on)} 1 , 2 , 3, 4, 5, 6 
-hoxnchloro I vclohi xant his jirovcd to equal 
and in some instances surjiass the toxicit} of DDT 
for various siiccics of insects This compound, 
developed Inrgclv through the efforts of British 
invcstigatois, IS i oinmonl} referred to as GGG, to 
svmbolizc the empiiical foimula, CjHeCle Tech- 
nical preparations of tiGG are composed of varying 
proportions of 4 siiace isomers which differ struc 
turnllv in the spatial arrangement of the chlorine 
and hvilrogen atoms about the six-membered ring 
of larboii itoins The 4 isomers also differ widelv 
in then insecticidal actions Thus, the 
isomer known as gammexane, is manv hun re 
times more toxic to insects than an} of the otiei 
isomeis (2G, 27) . 

Likewise the maikcd dilleicncc inactivit} o ic 
isomcis has been noted in mammalian species 
Following oial idmimstration gammexane is 
least 5 times moic toxic than the other isomers 

(27,4) Similailv labbits survive the intravenous 

administration of 100 mg /Kg of the delta isonie 
but succumb to 5 mg /Kg of gammexine (28, - ) 
While gammexane is v potent conv ulsant, t le ic 
and delta isomeis appeii to be dcpiessant, e mi 
mg marked flaccid piialvsis in i ibbits wi m 
concomitant signs of cential stimulation “ 
jMoieovei, the prioi administration of t e 
isomci can laigelv antagonize the convu sa 
actions of intiavenous lethal doses of gaminex 
andtheieby effect a seveinlfold reduction m 

toxicitv (29) 
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Un 1 I 1 1 NTs''\MrMITICir)I s 

Anioiip flip diNorsi monsiiip*; idopfid topiokPt 
troops ngnnist infection with mosquito boino 
pinsitiswas tlu oinplox iiiont of potent repellent 
cliLinicnls to pro\enl adult insects from eomiiig in 
cont let with luimnn hosts The lepcllcnts re 
cciMng wide npphcition wcix dimethjl plitlnhitc 
iilnilxl niesitel oxide oxditc ind 2-elhvl 1, 
3-lic\aiicdiol In usiiig those agents sm ill amounts 
arc spread oxer the exposed skin, and tightlj 
fitting regions of clothing or arc impicgn ited into 
outer garments \fter ipplication the\ afford 
relief from nisecl lutes for xarinble periods of 
tune The-exnct mechanism wherein these agents 
actneh repel the adult insect with onh minimal 
stimulation of the hum in sensorium remains in 
interesting topic for future iinesligation 

In addition to the repellents of fixing insects 
sex era! compounds xxeie inxestigated as cffectixe 
miticidcs, nnmclj dimethxl and dibutxl phtha- 
latcs and lieimxl benroate IMien these are spread 
oxer or impregnifed in outer girmeais tbej 
protect against the bites of ehiggers and tropical 
mites xvhich transmit scrub txphus Ixarlicr 
English obserx ilious of the cflcctixc scabicidal 
action of bcnrxl benzoate were also eonfimied 

ItODENTICIDts 

InxcBtigatious dealing with the dcxelopment of 
iniprox cd rodenticides w ere largelx concerned w ith 
three agents red squill, alphanaphthjl thiourea 
(ANTE), and sodium fluoro icetate (WSO) The 
txxo latter compounds were products of wartime 
research, whereas red squill had enjojed extensive 
use as a standard rodenticide before the xxar 
Since red squill is lelatixclx non toxic to humans 
and domestic pets, it is highlx regarded as an 
effective rodenticide for use bx untrained per 
sonnel Howoxcr, red squill is not a natixT plant 
and import restrictions due to xxartime exigencies 
largelx^ curtailed its emplojmcnt during the wai 
In an attempt to secure an unlimited supplj of 
the plant material to meet all future emergencies 
a program was instituted to assax and select 
bulbs of highest potencx for piopagation m this 
countrj (30) It was also hoped that toxicitj 
might cventuallx be enhanced bj sclectixe cross 
breeding of the more potent stocks Some atten 
tion xxas gixen to the isolation of the actixc prin- 
ciple of red squill for purposes of pharmacological 
studj and the dcxelopment of methods of chemical 
assaj and sjnthesis (31) Vccordinglx scilhroside 
was isolated and shoxxn to be a highlx toxic glj 
cosido which shares the pharmacological proper 
ties of typical digitalis glj cosides in the cat (32) 
llphannphthyl ihtourea ANTE (33) and sodium 
fiuroacetatc, which is to be discussed directlj , arc 
considcrablx more toxic to rats than is red squill 


The lethal oral dose of ANTE for the Norwaj rat 
IS about 5 mg /Kg The agent is odorless and 
pratticallj tasteless and, therefore, acceptable to 
rats when distributed m baits Animals will even 
ingest Icllml doses wlule picening fhemscKos 
ifici contamination of their feet and fur in run- 
u IX s and nests dusted with AIxTU By means of 
the agent xerx cffectixe contiol of rat populations 
has been established oxer wide areas of certain 
urban communities VNTU is relatix’-elj non- 
toxic to luimaiis, the lethal oral dose being es- 
timated ns greater than 1 gm /Kg on the basis of 
studies in monkejs (33) rurtherniore, no in- 
stance of linmnn intoxication has been observed 
during a period of several xears, in which more 
than 500,000 people haxc had occasion to be 
exposed to the rodenticide (33) 

ANTI exhibits manj interesting pharma- 
cological properties which, as jet, remain largely 
unexplained The toxicitj of the agent for dif- 
ferent nianimalmn species x aries w idelj and can- 
not be predicted in terms of taxonomic relation- 
ships For example, among common rats the 
Nontax species (R noncgicits) and most strains of 
albino, laboratorj animals are highly sensitix'e to 
the agent whereas the black (R rattus) and 
Alexandrine (/? ahxandnmts) species are rel 
atixclx resistant (33 31) Indeed other rodents 
fail to exhibit unusual sensitixutj to the agent and 
the lethal oial dose m the labbit, albino mouse, 
field mice, ground squirrels, and prairie dogs is at 
least 10 to 100 times that obserx ed in the Nomaj 
rat (34) Thus the appheatorj xaiue of ANTE as 
a rodenticide is limited almost entirelj to the 
control of the latter species Among the carn- 
ivores, the sensitixitj of the dog resembles that 
of the Norway rat, but the cat is a more resistant 
species (33, 34) The lack of predictabihtj in the 
susceptibility of xanous mammalian species has 
rendered somewhat uncertain a final decision 
concerning the toxicitj of ANTE for humans on 
the basis of the relatixm resistance of monkejs 

Another pharmacological action of ANTE, 
inxiting future mx cstigation, is the tolerance to its 
toxic action which rapidlj develops and persists 
for sexeral weeks in animals receixing sub lethal 
doses (33, 34) Within 3 hours after the admin- 
istration of a sub lethal dose rats max alreadx 
exhibit tolerance to lethal amounts of the agent 
Bj means of the chronic adnunistration of pro- 
gressixelj increasing doses of ANTE, tolerance 
has been achieved m rats to amounts which are 
equixalent to 50 times the acute lethal dose m 
untreated animals (33) After cessation of chronic 
dosage resistance to ANTE subsides and dis- 
appears XX ithin a mouth 

The susceptibilitj of Norwaj and ilbino rats 
also depends on the diet and age of the animals 
Diets high in protein or containing supplements 
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of cjslino enhiinte rofeiatiuuo to ANl'b (H) 
Moreover, n 40-folcl jnercaac Jii su( tplibiljit mn^ 
be obscr\cd during tlic dcs’cIotiinctU of \ovmg 
albino ruts through the stage of piiberh , ulneh in 
itself IS marked bv i pronoiiiued loss m resist ' iik.! 
(34) 

Tlic characteiislit acute ai lion of AN'J’IJ is »n 
untoward effect m the lungs winch jarnuts an 
excessive leakage of plasma constitmnls into 
cxtiavasculai spaces rulmonari (dema and 
pleural effusion arc obscued it autojisN , tlu 
thoracic ca\it> containing largi .iinouutH of 
fluid (33) Plasma piotoins appear abuiidanth in 
the effusion concurrent with their loss fiom tin 
snrculntjng blood (13, 30) During tin loiirsc of 
fatal, acute intoxicition hniph flow from the 
thoracic region increases rij)idl> and markidh 
(37) Since tlieic is no coiiLomitanl nst in fie 
ripheral venous oi light intra atrial pressure (3S), 
the enhancement of thoi icit hmph (low and the 
Jippcarance of plcuial effusions can be attributed 
to an increased permeabditc of luilinonarc and 
possibh pleuial capillaries 
While the pulmonarv lesions produced b^ VNl U 
are the most stuking feature of acute iiUo\i< atioii, 
other effects have been obscrccd Cats reccning 
chiomc lethal doses cveiituallj do\clop a fatal 
jaundice without a marked mvohcment of pul- 
monary structures (35) Terminal bilirubincmin 
is not associated with a significant anemia but 
rather derives from an intrahcpatic obstructnc 
jaundice Dogs which haio been rendered tolerant 
to ANTU as the result of chronic idministratioa 
exhibit a six-fold mcioase in serum eliolosterol 
(36) This finding has been related to obsened 
elevations of serum cholesterol following chemical 
thjToidectoray with thiourea Indeed, the chionic 
effects of ANTU on the thyroid gland aie similai 
to those of thiouiea and 2-thiouracil Lastly the 
chronic administration of ANTU to rats can result 
in reductions in the rate of grow th of haii ns well 
as an extensive depigmentation of hair and skin 
(33) 

Sod^^lm fluoroacctate The establishment of 
ANTU as a specific m the control of the Norw ay 
lat was succeeded by the development of a second 
rodenticide, conmionlj’- refeired to as lOSO, which, 
unlike ANTU, has pi oved highlj effective against 
an unlimited variety of rodent species (39) Ten- 
eighty IS a relatively simple compound, sodium 
fluoioacetate, with many desirable properties 
adv intageous to its successful application as i 
rodenticide Among its moie impoitant features 
aie high toxicity foi rodents m geneial, chemical 
stability, ease of admixture with standard baiting 
materials, and absence of objectionable odor oi 
taste, permitting satisfactoij acceptance by 
baited animals As the lesult of numeions practical 
trials it has been demonstrated that 1080 is tin 


iiifwt sal i‘)fa( tori agi nl ainilablc for thi control 
not null of domr Hlic JK a| bkf r iH and niKC, hut 
also of all Minetwa of (nld rodi ills 

A H( rioiia ol)j((tioii to till 'kIoiiIiou of lOSO us 
in all piirpo*.! rodinluidi is ils high toxicitj for 
all m iimnaban a iliMadvanlagf winch 

mill r/r t( r its handling l>\ am Init trained per 
soniK I lull' diffiriiil spciK" of mammals arc 
lanalfli sinsitiic to lliioroai cinti , resistance of 
am ( II ( II spi ( i( s IS oiih rdatiii Dogs sucruinb 
to dost s as low as 0 1 mg /hy and the immmum 
l( thal dos( m hss than 1 mg /Kg in iiianj species 
whnli mditdi the rabbit, guim i pig, cat, pig, 
goat ( 10), and 1 1 rtaiii w ild rodi ids like the Norwaj 
rat (n, 30) 'I 111 Kin siis iiioiikti C^Idcnca mulata), 
ilbiao rat, tiid M nan h iinsti r are susceptible 
to dosf s Ilf till oidir of '> mg /Ixg (10) \inong 
till iiiosi nsislant of tin mamm ils is a species of 
txjmli r iiioiiki 1 ( \tclcis sp ) in whicii the mininiuni 
hlhal dose ih uboul 11 mg /Kg (10) Tims sen- 
siliiiti among tlie \arious mammals max xarj 
a hiindri dfold 

In addition to obscnid xnriations in suscepti- 
biliti tiifferi lit mammals ( xhibit widelj dissimilar 
rtsjmiists to 10*'0 (10) Ihus, the prominent 
lethal action in spi tits like tlit rabbit, goal, horse, 
and spidei moiikox is a disturb mec of injocardial 
function culminating fiimlh in x ciUncular fibrilla- 
tion Keforc the onset of xontricular fibiiUation 
xarious cardiac arrhx thinias ensue which by 
elect rocardiogiapbic aiialxsis baxo bieii obserxed 
to include nccciiluatioii and alternation of the 
T-waxo, xeiUricuIar tachxc irdia, and xentricular 
ox trasj stoles of both nodal and ectopic origin 
Vltornntion in the electrocardiogram is frequcntlj 
associated with a 50% pulse deficit While mjo 
cardial dxsfunction maj represent an exclusix^e 
mechanism of lethal action m some species, a few 
animals like the dog and guinea pig fad lo cxhi A 
serious cardiac abnormalities after intoxication 
and succumb rather to profound stimulation o 
the central nerx ous sj stem im olxaiig m sequence, 
hypeiexcitabihtj , epileptiform commisions, ex 
haustion, and finallx lespii itoix depression 
thud group of species, namelj , the cat, pig) 
Rhesus monkoj , lespond both to the mx'ocar la 
and the cential neivous ictions of the agen 
Finallj , the ilbmo lat and Sjrian hamster repre 
sent anothci variation in response, m that am 
mals, which suixive the acute, central iierxous 
effects of fluoroacctate, usuallx develop a pr 
found and peisistent bradxcaidia befoie comp o 
recoverx’' is evident r 

Attempts to define moic pu ciselj the 

action of fluoioacetate m vulneiable ce s 
revealed that the agent inhibits specifica J 
oxidative metabolism of ceilain mteime la e 

caibohjdrate breakdown (41, 42, 43) 

tions with veast, bnctciia mammalian a 
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slues nnd hrcis, (-11), iml frog muscle {<}2, 13) 
lla^p indicated tint tlie o\idnti\e disposal of 
p\rmate is impaired prolubh l)\ inhibition of 
one of the steps m its dchidrogcnalion Ma the 
citric and ijelc More speeihenlh, studies with 
fluoro icpt ite hin e rp\ eah d that a possible path 
wa\ m the ovdatne disposal of pjnnate b> 
mamnnlnn tissues ma^ ins oho a direct oxidation 
to acetate and CO followed in turn bx oxidation 
of the formed nictate Thus it has been shown 
that fluoroacctate inhibits conipctitixeh acetate 
oxidation m xarious isolated mammalian tissues 
Morcoxer, the oxidation of pxruxate in poisoned 
tissues results m the nieunuilation of appreciable 
amounts of acetate (41) 

It IS tempting to correlate the biochemical 
actions of fluoroacctate with the wide xanations 
obserxed m the susceptihilitx and phxsiologic 
response not oiilx of difTerent species of mammals 
hut also of different tissues within the indixiduals 
of anx single species The spccificitx of biochemi- 
cal action of fluoroacctate m isolated cells and 
tissues suggests a similar specificitj of biochemi 
cal action in intact organisms Thus, it would 
appear tliat cells dixcrge considerablx in their 


obligate dependence on the specific metabolic 
pafhwax's which can be deranged bx fluoroacetate 

COSCJ USION 

In the coiiisc of the aboxc discussion certain of 
the salient biological actions of recentlj dexeloped 
insect nnd rodent pesticides haxe been presented 
Some of these agents max bo expected to receixe 
continued attention from pharmacologists not 
onlj bccaiiso of the future widespread emploj- 
ment of these toxic chemicals in pest control 
operations but also because of their interesting 
pharmacological properties which arc relativelj 
unique and, ns jet, largclj unexplored 4mong 
the latter, to mention but a few , are the specific 
actions of DDT on the cerebellum and cortico- 
ccrcbcllar tracts, the pulmonarj lesions elicited 
bj ANTU in xulnerable species as well as the 
remarkable drug tolerance exhibited bj" animals 
after chronic administration of this agent, and 
the mjocardisl effects of fluoroacetate which in 
conjunction with its metabolic actions maj proxe 
xaiuable to the better understanding of the inti- 
mate relationship between cellular function and 
cellular metabolism 
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An extensive jirogram of itsc ircli in tlu (hemo 
therapy of malaria has hot n earned out during the 
years 1941-1945 bj a laigc grou)) of iin csligator-^ 
supported mainlj In the Committee on Medical 
Research of the OfTice of Scientific Ucsciidi and 
Development This program has iiuohtd (o 
operation with industrial films and with the Vrni} , 
Navj , and U S Public Ilcdth Sen ice (dost 
coordination was attempted between the s\ iithcsis 
of new compdunds, pharmacological and experi- 
mental therapeutic investigations of these tom 
pounds in animals, and the clinical trial in human 
malana of selected compounds under carcfiilh 
controlled conditions It is of the pharmaco- 
logical and experimental therapeutic ln^estlgl- 
tions that I wish to speak, however, I must refi i 
occasionallj’^ to the tiial of diugs in human imlariii 
m order to give proper interpretation to the animal 
experiments I shall be obliged to make use of the 
unpublished data of many investigators to whom 
due acknowledgement is herebj made These dat i 
With due Credit to the invcstigatois supplying 
them wall be given m detail m a forthcoming 
monograph entitled “A Survej of Autimalarial 
Drugs, 1941-1945 ” 

At the outbreak of the war no definite informa- 
tion was available as to the relative value of 
quinine and quinacrinc in the suppiession and 
treatment in malaria The development of a 
method for the determination of small amounts 
of quinacime in plasma led to better methods for 
the use of quinacrine (1) Controlled studies led 
to the demonstration of the supeiiority of quina- 
ciine to quinine (2) Studies attempting to find 
drugs superioi to quinine and quinacrine have 
involved the screening of over foui teen thousand 
compounds foi various types of antimalarial 
activity in various avian infections In addition, 
studies on the toxicology and pharmacology of 
many of these compounds were made in laboratorj 
animals, and the potentialities of about one 


liiindrid tompouiids win i xjilorcd m human 
inalan IS prodinid b\ parasiHs of domestic and 
'soiilh Hai die origin 

Till’ lirsl iiiicstioii to bt answered about a com- 
pound submilted for tint is wliethcr or not it 
poss'ss(H aiitim liana! aitnitN The research 
wliitli lid to tlu discoien of tin antimalarial 
properties of pima()Uiii( (plasmochin) and quina- 
tniK (at ibriii(') was carried out on rehetum 
malana in the can in In these studies qunntita- 
tne ewaluation of antiplasinodial acti\itj was 
attempted bj making use of the clicinotherapoutic 
index, a eoiiccpt introdiieed b\ Ehrlich This is the 
ratio of the maximum tolerated dose of the drug to 
its minim il efTectnc dose It has been considered 
a measure of the antimalinal \alue of a drug 
Uiifortunateh , chemothcnipOutic indices deter- 
mined on birds frequenth bear no relation to those 
in liuman malaria and inai be more misleading 
th in helpful It appeared to bo important m future 
work to test foi antimalarial acti\it\ m avian 
infections and to test for toxicitj on mammas 
Hiittlo and coworkcis (3), in studjing the action 
of the cinchona alkaloids and their dcriiatnes on 
malarial infections in the canarj^ expresse 
aetivitj in figures leprescnting the dose of quinine 
nocessarj to pioduce the same response as a uni 
dose of the alkaloid under tost (the quinine eqmva 
lent) This point of view was a definite departure 
from the chcmotheiapcutic index measure i 
birds and used oxclusivcH bj the Geimans 

A difficult> m the testing of drugs for 2^“^, 
laiial action on avian infections is that hos a 
species of paiasite are both difteiont Horn ^ 
involved in the human diseases In 1943, ur 
leviewid the liteiatuie on the activity of drugs 
avian, simian, and human malarias Two cimc 
sions may be drawn from Curds leview i > 
studies have been conducted m the past on 
malaiial infections in such a way ® 

activitv can be expressed only in qualitative 
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smh lui lution, doubtUil sutioii, shghl ncUon, 
pronouucpd or (ItfinUp it lion Second, the gips in 
ourknonh dgo nt thnt time were so numoious that 
trust\iorth\ loiulusioiis \\i il diirieuU or iiiipobsi 
bio to ni ikt 

Without iiimiititiitui t\ iilinilions of the iinti 
nnlarnl ^ctl^lt^ in uiiin infections there cun be 
no idetiuiti judgment of the bignifiennce of tests 
in diffcnnt i\uui iiifet lions or tlic relations of 
those tests to uetnitt in tin liinnan mill urns 
tiso, iiilhout tpi intitaf i\c d if i iniui in infections 
there e in lie no ideiiuutc loireliitions between 
intiniiil'innl ictn itiis and sueli struclur il changes 
is nn' be introdmed in in attempt to obtain the 
best of a sents of compounds I'oi these and other 
re Isons, tin quiiiim tiiun "ileiit has boon intro- 
duced IS in e\pn sston of antinud irnil letnitj for 
tliorapeutie teats * Ihc e\umiw equwalent is the 
ratio In weight of the dose of quinine to the dose 
of the drug under issai w hen hot h drugs produce 
the same response on parasitiniia 

'Sulfadiazine iiid ccit iin other sulfamlamidi 
dernafnes h i\c hern found tube (.oniplete causal 
proplnlactics in galbnueiuni malirii m tlu cluck 
(5, 6, 7) \eeordingl\ the potiiieus uf diugsas 
prophtlaeius in gnllimuium ni dan i in the thick 
can be expressed in ttrms of sulf idi iziia and ibi 
sulfadiazini iqunalcnt has been lutroduted as an 
expression of antinialan d attii it\ foi prophilat 
tie tests in this infei tioii The sulfadiazine cquu a 
lent of a drug is the ratio bx weight of the dose of 
sulf idiazine to the dose of drug undei assax when 
the prophxlactie actix itx of both drugs is the same 
under identical conditions 

Unfortumitelx the siilfadunne equixalent max 
not be the same xxben calculated from the dose of 
sulfadiazine which gixes complete protection and 
XX hen calculated from the close wliith pioduces a 
significant delaj in appearance of parasitis ox'or 
the time of appe iraiiec in control birds Vlso, x\ ith 
lophurae malaria in the tuikex and eathemenum 
malaria in the canir) sulfadiazine has no or onlx 
slight, prophj lactie effect It cannot be used here 
as a standard 

The fact that ax inn and human malarial infee 
tions differ markedlx in their respectix^e host-para 
site relationships poses the question astothexalue 
of “screening tests" x\ ith avian malarial infect ions 
for judging antiraalarial nctixitx m human ma 
laria Do these tests disc ird drugs which maj be of 
xiilue in human mal uia anddothej indicate high 
untimalan il ictixitx of drugs xxhieh have little oi 

‘When a'saimg the potencx of quin icrine or 
pamaquine analogues, it max be conxoment to 
express the letix itx of these an ilogues in teians of 
their qnin icnni oi pamaquine equix alent These 
equix dents ire defined m the same manner as the 
quinine eqmxaloni 


no value in human disease? In other xxords, just 
whit do the axian malarial tests mean for the 
selection of compounds for trial in man? Onlj a 
j) irtial answer to these questions can be gixen 
The antimalanal activity of a drug in an avian 
infection maj differ markedly from that exhibited 
m a human infection for a numbei of reasons Some 
of these arc 1) differences in susceptibilitj of 
different species of parasites, 2) differences in 
absorption, excretion, and/or distribution which 
result in different blood concentrations of the drug 
in birds and in humans, and 3) degradation of the 

TABLE 1 

Paras^le nnd host dijferencts in response to drugs 
Therapeutic Teat 
Qumme Equn alenls 
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<0 10 

2 

0 5 

7 0)S 

15 

60 

30 

IS 
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3 
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30 

20 

4 
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60 
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40 
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3 

10 

SO 
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2 

0 03 

2 

0 6 

0 05 
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I 0 
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2 

0 03 

10 275 

20 

SO 


2 

1 0 

6 tOi 

0 15 

b 

0 05 

1 5 

<0 2 

4 271 

2 

1 0 

10 

0 6 

<0 2 

12 610 

<0 10 


2 

0 8 

0 2 


L ^ J lophurne C P eathemenum G ** P cothnaeeeum 
^ « P titax 

* The bis number IS one which will be u&ed in the monograph 
to which reference has been made 112 is euf/acficurne 475 is 
/<»r6i«en 2 2 3 3 tetramethji 1 I'-diphenjIU 4 3 ppra^ 

Itne]'^ o -dtone 07 lia pamaquine plasmoehxn 8 (4-<iiethj lamxno- 
I methj/buti/ammo) t> n3ethot;>t?uinoh«e 1 452 ts S (3 ammo 
propjlamino^ 6 tnethoxjqutnoUne 4 2Tl is dicnetlij Idithioccr 
tamicocid methj lenediester 6 Sb5«3 T-diacetamido 5 pbea>l 
phenaetntum ion 7 618 is 7-chloro*4 (4*dtethj lammo 1 methj I 
but>]oinino)vuinofinf S 137 ui 1 (7-chIoro-4-qumoljlairtmo)-3 
dieth^ lammo S propanol S 323 is 1 (p-chlorophenyl) 2 (4 (2 
chetbi ]aiun>oct))> Inmino) 6 melhj 1 2 p^Timidj IJiruonidinc 
lO 275 IS 6 8-dichloro 2 phenjl-o 2 pipendjl 4'<tuinoJinemeth 
anof 12 610 v d \ (2 benroj leth> l)-a 7 -dih> droxj j3-di 
metbj l-buti/ramtde 

drug to an active product in the bird and not in 
man or, xice xersa, degradation to an inactive 
product m man and not in the bird 

Similarly, differences in antimalanal actmtj 
of 1 drug on different avian infections maj be due 
to real differences in species susceptibilitj or to 
differences in metabolic processes in the hosts 
Differences due to species max be determined bj 
using various species in the same host under 
identical testing conditions, and, vice xersa, 
differences duo to host max be studied bj testing 
the same species, in x anous Jhosts under identical 
testing conditions 

In table 1 are given certain selected tests of 
drugs on three species of parasites in two axian 
hosts An attempt has been made to gix e also the 
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nnliniiil mill of tin di iif^ iii M\ 'i\ mnint m 

in m in = Sovoril impoiliinl (oncliiHionH niiu !«' 
(irnwn from tlio dal i given in lalili' 1 \ drug (Sit 

SN8,d‘23)nm3 1 h (omplet(l\ iniidni in loplniiiii 
ni liana in both duck and tliii k bid lia\( (In* wiini 
ordci ofactivdj iiRquiniiK in gidliiiai eiiin nialnriii 
in tbe chick, in c adicnieriiiin nialaiia in llie diitk, 
and in Mvav malaria in tbe biimaii Hen tin 
dilTerence is dependent on siieeiis of paiasdi and 
not on host Other evamples of diffeiiiiifs in tin 
susceplibildv of species of parasites nil si in wilb 
drugs .SX 112, SN 17'i, and SX r),S()’) 

Diffeiences in aetiMtj Mbidiari lUpeiidint on 
host rather than on spei les of paiasile an si in 
with drugs SN 1,152, SX 10,275, and S\ 12,(d0 \ 
host difTerence maj oceui within a sern s of i hemi- 
cal compounds where onh a side < ham is i Imtigi d 
Thus, RX 7,f)lS and SX 8,137 diffei onh in that 
one has a 4-dicthylamino 1 -met hj Unit ^ 1 and (hi 
other i 3-dicthvlamino-2-hMlro\\ prop} 1 suit 
chain SX 7,C1S is defimteh the more ai tnc drug 
in the duck, but no difTerence between the ai tiM- 
ties of the two drugs can be detected in (hi thick 
In man the drugs arc of (he same order of ac ti\ i(% 

A drug may have (he ordci of ae(lMt^ of c|uinine 
or greater on tw o or three sjiecics of a\ lan parasites 
and prove inactue in vnn\ malaria in man (See 
SN6,8G5 and SX 4,271) 

From the above data the conclusion h is been 
draw n that for piopcr screening in avian infect ions 
two or more species of parasites and hosts should 
be used In addition, this is npparentl} nocessar} 
when one is working within a dermitc chemical 
senes to find the best compounds for human trial 
It IS doubtful if compounds of real value in human 
malaria will be missed if two avian paiasilcs and 
two avian hosts arc used when screening for 
trophozoite activity of drugs ^loreover, it is 
impossible to say that any one avinn parasite or 
any one avian host is preferable if only one screen- 
ing test IS to be used In different chemical series 
the correlation of activit} between avian and 
human infections varies 

In our discussion of the screening program in 
avian malarias we have been considering onlv 
antimalarial activit} against tiophozoites in 
blood-induced infections One must consider anti- 
malarial activity against other stages in the life 
cycle of the malarial paiasite — spoiozoites, cryp- 
tozoites (or earl}’’ tissue stages), exoerythrocytic 
forms (or late tissue stages), and gametocytes 
Studies on sulfadiazine and on quinaciine may be 
mentioned to illustrate some of the difficulties 
encountered m the piesent program Sulfadiazine 
IB a causal piophylactic against gallinaceum ma- 

* The antimalarial activity w as determined on 
blood-induced vivax malaria (McCo} strain) For 
details see Shannon et al (8) 


Inriii III (111 (link but I iin in idn r a sjinroroitr 
iiiiiiiiiil nor a blood indinid infrc(ion If is not 
iiiin'iil luoiihi lai t ii against lophiirae malaria in 
(III (iirkii or against \i\av malaria in man In 
know list rnalari I in (In moiiki} it lurrs (lir 
infcHion In \ i\ i\ malaria it has a low grade of 
a(li\it\ and dins not iiiri In fall ipariim malaria 
siilfadiarini is a Inn supjirissne Qiiinaenne i' 
niilhira latisal prophilaitii nor a ( lire in galli 
iiiiiiuiii malaria in tin (link but laeffeelive in 
(onirolling blood indiiied infii lions In knowlesi 
iiialiiria il is not a iiiri but is effictive against 
Irophoroitis Qiiinairini is i ffi r(i\e as i cure in 
blood indiii I (1 Ml a\ malaria but not in sporozoite 
iniluKvl infci lions Iloweier, in falciparum 
miilnnn qiiinai nne runs both blood induced and 
sporozoite tnducid nifcitions 

'I he dihcoien of a true cans d proiihilactie for 
hiiinan malaria — a drug whiih would eradicate 


I Mil r : 


/ roph'/lnrttr i/j nrifitt nnd human molamn* 
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some stage of the parasite before trophozoites were 
produced — w ould constitute a great advance 
cheniotherap} of malaria On the other han , w 
discover} of a drug which would resemble 
erme in its antimalarial properties but 
addition, would cuie vivax malaria would 
bly be of more x aluc t han a causal prop iJ 
which did not cuie (eg, sulfadiazine m ge 
nnceum malaria of the chick) , 

Several drugs belonging to different c 
groups have been found to be causal prop ly 
in avian infections How cv cr , from the data av 
able at present tlieie seems to be a tota 
corielation betw ceii propbv lactic activit} 2 

infections and in vivax innlari i m man n a 


e given data to illustrate tins point 

An assessment of tlic potential cura ivc 
a ding in human viv ax fiom expenmen 
[Cted on the malarias of animals canno jg 

present A munber of studies have 
i the curative effect of drugs m avian 
id, to a lesser extent, m simian ma ar 
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the tiat at present atailabic do not allow anj 
conclusions as to the correlation of these studies 
with curat ne action in human vi\a\ 

On iccount of this lack of an e\periinciital 
infection for the screening of drugs as potential 
curatite igcnts foraivaa inalaria, the problem of 
the cure of this human infection has been much 
more difficult th in that of hiiding i drug stiperioi 
to quinacrinc Until one or more drugs are found 
which are cur itne in a i\a\ mal iria, no correlation 
can be attempted with the experimental malarias 
of inimals The plan adopted has been to test for 
turatiac propcrla m M\a\ malaria one or more 
examples of each ihcmital group showing e\cn 
blight intimalari il ictnita 
The discarding of thi chemotherapeutic index 
in the bird necessitates some screening test for 
toxicitj The antimdarul \aluc of a diug is de 
pendent not onij on its antimalarial activitj , but 
also on its toxicita for the host Emphasis was 
placed upon the use of mammals for loxicita 
studies because it maj be presumed that the com 
mon laboratort mammals are closer to man than 
birds with respect to some of the processes of ab 
sorption, degradation, excretion etc isince most 
new compounds are at ailable in limited amounts 
the prehminarj toxicitj tests in manmials aie 
performed on small animals such as the mouse or 
the rat These studies on the mouse and the rat 
haxe in general correlated roughlj wath studies on 
the dog and the monkei and mth such information 
as has been obtained on man How ever, in the case 
of the 8 aminoquinohnes, marked discrepancies 
between the relative toxicities of members of this 
group hax e been found w hen tested on the mouse 
the rat, the dog, and the nionkex 
Toxicity tests are carried out in a manner to 
simulate as closeh as possible the schedule of 
dosage to be used m human therapj — curatixe, 
suppressix e, or propbj lactic Obviouslj , a de 
termination of the acute toxicitj (effect resulting 
from a single dose of the drug) is of no value in 
assessing the toxicitx of the drug for use as an 
antunalarial to be given over several dais Thus, 
the acute toxicitj of quinine for mice is equal to or 
slightlj greater than that of quinacrine On the 
other hand, a determination of the short-term 
chronic toxicitj (seceii ten , or fourteen daj 
adnnmstration) of quinine and quinacrine on both 
mice and rats indicates clearlj that quinacrine is 
more toxic than quinine This checks with experi- 
ence in the human being since it is well established 
that, on the basis of dosage, quinine is less toxic 
than quinacrine Those preliminan toxicitx tests 
on the mouse or the rat are done in such a waj as 
to attempt to maintain i more or less constant 
concentration of drug in blood and tissues during 
the whole period of obseiamfion The schedule 
of dosage neccssirx to icconiplish this will of 


course, depend upon the rapidity of absorption, 
exciction, and/or degradation of the particular 
drug in question With manj drugs a single oral 
dose per day w ill not maintain a concentration of 
drug in the blood at a desirable level Tw o or three 
equallj' spaced doses per twentj four hours ean 
be gixtn or the drug diet method can be utilized 
( 9 , 10 ) 

Before a drug is tried in a preliminary way for 
Its antimalarial action in man, additional pharma- 
cological studies in the larger laboratory animals 
arc necessarj’^ In most instances dogs and/or 
monkejs haxe been utilized for these additional 
studies The characteristic toxic sjmptoms of the 
drug are elicited by administration of single doses 
bj mouth or parenterally With a knowledge of the 
tjpe of toxic symptoms exhibited by the drug, 
experiments are performed to determine the short- 
term chronic toxicity Here, as in the case of 
experiments in mice and rats, an attempt is made 
to have the dosage schedule resemble that to be 
used in man Also, some appropriate drug is used 
as a standard of reference 

If the preliminarj trial of the drug in human 
malaiia suggests that further exploration of its 
xaluc is justified additional and more detailed 
pharmacological and toxicological studies in 
animals are conducted These maj involve studies 
of long term chronic toxicitj , as well as more 
detailed studies of the preliminarj type 

Some examples may be given to illustrate what 
has been accomplished in the cases of three or four 
of the more promising chemical groups If one 
takes the formula for quinacrine and removes 
either of the outer rings, one obtains two 4 amino- 
quinolines one wuth a methoxx group in the 6- 
position and one xxith a chlorine group in the 
7-position The first of these compounds belongs 
to a series xxhich, in its antimalarial properties, 
resembles quinine and quinacrine rather than the 
8 aminoquinoline, pamaquine (11) 

Vbout 200 compounds in the 4 aminoquinolme 
group, xxith xanations m nucleus as well as in side 
chain, hax e been screened for antimalarial activity 
m at least one ax lan infection A smaller number 
hax'e been examined for toxicitj m at least one 
species of mammal About ten of these 4-amino- 
quinolires haxe been examined, first for toxicity 
in the dog and monkex and then for antimalarial 
actixitj and toxicitx in the human Several of 
these ten appear to be superior to quinacrine 
SN 7,618 has received the most extensixe study in 
both civilian and military establishments It is 
superior to quinacrine in a number of ways 
Effective suppression can be obtained bv adminis 
termg it no more frequentlx than once weekly in a 
well tolerated dose It wnll cause an abrupt'termi- 
iiation of the clinical attack of xixax malana and 
will cure falciparum malana when administered 



301 


FEDICOATION PJIOOKKDINT;'^ 


lion Proccodings 5 1G5, IGIO (9) Jniciruj r n, 
Wnin A^^D Mar'iiiai I, T IMninniol A Evpoi 
Ihcrip G7 137, J9i0 (10) Mausiiam., JnHit- 
riELD AN’o ^Vm J ly J I’lmiinicol A IJ\pcr Tliorip 
76 89,1912 (11) Gai !’i uiN, Mcdilsinsknj 'I p ua- 
sitologia 1 painailainic liolc/in 9 'll, 1910 Gai - 


I’jitiN, Am SovkI iMfd 1 220, 1011 

(12) AtMi\ AM) Kisft Pro(f(d Ro^al 8or B 
126 00, JOiS (I!) Kino and J Glinn 

Soc 1.107, 1010 (II) f 1 \por Med 

77 '111, 10 H (If)) MoorrM imrr 100 170, 
1911 


BACTERIAL GIIEMOTIIERAPV 

HANS MOLlTOll, M I) 

From the Mcrcl In’tUhilc for Thrropcuttc Itr<!rnrrh, Rahira’/, hrrTt/ 


Probabli' nover in llic liistori of modKinr li is 
srienlific and practical progress in nnj one Ik Id 
licon giealcr Iban in ebemotber ip3 diiringtlu iiisL 
10 years, \\ Inch are marked Iij tlic inliodm lion of 
the sulfonamides and the intibiolie igents TIk* 
extraordinary advances liceoine imnicdiiUl\ aji 
parent by a comparison of tlie number of infeelious 
diseases responding to cliemol Ik ripj at I Ik begin- 
ning of the years lOSI, before I he inlrodin (ion of 
the sulfonamides, 1911 ,lhe last pre-pemcilbn \e ir, 
and 1910, nith the sulfonamides, pemeillm ind 
streptomycin at our disposal (table 1) The jiro- 
gicss made since 1941 becomes oxen more' impn s- 
sive, if wo compare the safety margin of the nexxlj 
introduced antibiotic agenis pciiKillin ami strep- 
tomycin with that of the drugs eommonh used 
befoic that time 

The short time at my disposal can probablj be 
best utilized by confining the discussion to the 
antibiotics, which constitute the principal ad- 
vance in the field of bacterial chemotherapy since 
1940 The discovery of this group of agents dates 
back to Pasteur and Joubert (1), vho in 1S77 first 
observed the phenomenon of bacterial antag- 
onism, to Emmerich and Loev (2), nho in 1.S99 
first clinically used pyocyanasc, to Fleming (3) 
who in 1929 first described the antibacterial prop- 
erties of penicillin, to Floicy and his associates 
(usually leferred to as the Oxford Group), nho 
in 1940 reported on its chemotherapeutic action 
in animals (4) and in the following year on its 
clinical use (5) , and to Dubos (G) who in 1939 dis- 
covered tyrothricin, an antibiotic agent with a 
high degree of activity against gram-positive path- 
ogens, but too toxic foi parenteral adnunisti ation 
The discovery of tj'rothucin, while only of limited 
practical value, was nevertheless of fai icaching 
significance, because it made investigatoi sail ovci 
the world fully “antibiotic conscious” and stimu- 
lated a systematic search foi other agents of this 
type, which still is in the ascendency To date, 
more than 100 antibiotics have been isolated and 
studied, but only tw'o, penicillin and stieptonix'cm, 
have been outstandingly successful, one of them. 


pi mi illin, liMiig (lie firs! rliemotlieraiieiilie agent 
III nil dual bislorj, whiih lomjil'lelj fulfills 
1 iirlifh’s reipiiri im Ills to be rntinh frer from 
toxitil \ for the host and \ et fiilh i ITi ctiv e ag nri‘-t 
pithoginii organisms 

\Uhough pemeillm was discovered in 1029, more 
than 10 xeirs (lapsed bf fore it was first tried 
tnii>o md it loiild not hivi aiiiuirid jiri'lieil 
higiiifu am I 111 w ar im dii im h id it not bei n for the 
vision of an Ainerie in ph irinatologisl, \lfred 
Newton niihirds, for thi eombined rfiorts of 
\mcri( in iml British siuntisls in govi rniiuntal, 
leademie and industn d labor itorus and for the 
skill, ingenuitv iml eflKumj of the Vmrriean 
indiistri 

Even the best drug is of no use unless it is oh 
tunable in the (piantities mided and at a rest 
winch conics within economic ri ach Tiie first 
demonstration of the clinic il value of penicillin 
in 1911 required approximate^ 100 liters of the 
mold brow to provide enough pcuicilhii for the 
treatment of 1 patient for 1 dav , and in order to 
w astc as little as possible of the precious material, 
the urine of the treated patients was collected for 
the extraction and re-purification of the excrete 
drug The enormous progress made since that time 
becomes immediately apparent upon inspection o 
a chart illustrating the changes in cost and produc 
tion since 1943, the first jear of large scale com- 
mercial operation (fig 1) During these two jcirs 
the price for 100,000 units of penicillin declined 
from 20 dollars to CO cents, while the production 
increased from 0 15 billion units during the 
quartei of 1943 to I9S0 billion units during (he 

qiiaitci of 1915. This amazing reduction in cos ms 

been achieved paitlj by the icplacemcnt 
original flask jiioduction method with a docj) ei^ 
mentation piocess, partlv by iinpioved ^ 
extraction methods and particularlj' by t ic * 

coveiyofnew penicillin mutants and stiains w u 

inci eased the 5 lelds moie than 100-fold 

Due to the fact, that even the original low p - 
tency concentiates of penicillin weie piac 
nontoxic, only little pharmacological researc 
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needed before Hrge sc ile ehnicol nse of the new 
drug could bo storted Nosiichcosj course how c%cr 
wos possible with strcplonijcin, on antibiotic dis 
coaored (7), first produced and tested (S) pharma- 
cologlcali^ studied (9) and clmieallj used (10) in 
thiscountrj and alreadj rccogmrcd as the worthj 
counterpart of penicillin in the gram negative 
field Although this agent Ins a far greater safety 
margin than the sulfonamides or the older chemo- 
therapeutic drugs, it neierthelcss possesses defi- 


of these two drugs and draw your attention to 
sonic of the pharmacological problems, winch arc 
common to all antibiotics and which arc perhaps 
not alw aj s sufiicicntlj realized Among them are 
(1) the great lariations in pharmacological and 
toxicological proporlics ‘of samples wath equal 
chemotherapeutic potency and (2) the problem of 
acquired resistance to the drug, the so called 
“fastness ” 

The great qualitativ c variations in the pharma 


TABLE t 

of pathogens to cX<mof?i«rapeu{ic apenfs tij>on parenteral odmimstration ifjehtding serum therapy) 
++4' Ncirly always ofi’ertuf' 

+4 Often cffecUvo 
+ Occasionally e 

— Not effective 
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Average response of 29 infectious diseases to chemotherapeutic agents in man 
Often effective j 5 c^ 7Z% 

Nearlj alnaj’s cffectuo 3 r^ 

Since the appraisal of the cITcctiseness of chemothcmpculic agents in siiecific diseases m bj nece^sitj arbitrary the above table is 
pnraanlj intended to lUii^tmtc a general trend 


into toxic properties It is a credit to American 
pharmacologj , that loss (han 2 joars after its dis 
coven sufficient phaimacological and toxicolog- 
ical data could be accuniiilaled to permit not onlj 
exteiisue clinical mi ostigations, but also the es- 
tablishment of official standards 
Since lou undoubtedh are familiar witli some 
of the renew articles (11, 12) on penicillin and 
streptomi cm, I should like to dispense wath a dis- 
cussion of the general pharmacological properties 


cologicai properties of chemotherapeuticalh 
cquallj cffectne doses of antibiotics wall iin 
doubtcdlj lead to conflicting pharmacological and 
clinical reports because investigators maj fail to 
realize, that the term X milligrams or Y units 
means little, unless additional microbiological and 
pharmacological data and preferablj the source 
and lot number of the product are known State- 
ments of the dose in terms of a recognized bio 
logical umt together wath that of the cation form- 
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iii(; the salt arc gencrnllj regarded as sunicienth 
coiuplelc TTowever, wlnle Ihis ismiin]dioii iK <<it- 
lect niosl galoiiK ])rei) u a lions, it is di (null h 
not valid for antibiotiLS winch are inoduied li\ 
living oiganisms and are siibji'el In the main 
variations, that are hkcl 3 to aci onipain inetaboln 
processes Not onlj’’ is the natiiie of the strain of 
the parent mold or bacterium likiU to iiilliu me 
the end product, as evidenced bj thr elieniK ilh 
and biologicallj different penicillins 1 , (’■, K iiid 
X, but also the tjpc of medium, the age of the eiil- 
ture upon harvesting, the oceiirrenee of mill ants, 
the tjjie of eiiltnation (surface or siibim rg< d). 



Fig 1 Trends in production and cost of peni- 
cillin, 1943-1945 ' 


and, of course, the chemical methods used for e\- 
ti action, concentration and puiificatioii all these 
factors may, and often do, influence the final piod- 
uct qualitatively as W'ell as quantitatively Stand- 
ardization of the pai ent-strains md manufactiii- 
ing techniques leduee the likelihood of qualitative 
changes, theie will, however, always lemain some 
uncontiollable factois which may e\eit x far- 
reaching influence upon the toxicological and 
phaimacological pioperties of the final piodiict 
without interfering with its aiitibactenal activity 
and hence unrecognizable by a potency assaj"^ 
These facts are depressing, but will have to be 
faced as long as we have to depend upon ^ungi, 


at linonn 1 1 li s and b icli ria for tin [irndiK lion of 
our .inliliiolK iiisli id of bung able to pripan 
I hem s\ III Ik I u ill\ ()id\ I hui w ill i dosi si dr d in 
leiim of W( ighi lonii \ ill thr itiforinalion in (ded, 
up to that hajipi daj , howi i or, it v ill remain the 
las] of the phiirmneologisl to find for each ruv 
niitibiolir a sufliuuil number of pharniaeologif al 
( harai teristirs adaptabh to the juirpnsrs of hio 
nssai iiid to iqiplv mik h a'^sai s to each and cier) 
lot Whih Ihf rouiim iirrforniniur of such tests 
will iisiialh b( lift to tu hnieians, the selection 
of llif most f h irai tensile, eonslant and sensitive 
pharm i( ologu al rritern obvioiislv depends upon 
a thorough pharm u ologie il anal} sis and lienee 
bi longs ( learlj in the fiehl of jihnrmaeologie d re 
s( in h 

'J hi di \ eloiinn nt of bioassav s for intibiotics is 
(omplieatid b\ the f u t, that tin procedure 
iisiiallv obsfrvfd in tin invi sligation of a nuv 
ding, VI/ to conduit the uilirr stiidi with nia- 
leri il dr rivi d from the s mu b iti h, i innot be iisid 
with anlibiolii s, sini I no two b iti hi s m 13 hi e\- 
peilid to bi qiialit ilivi I3 eonii)lrtil3 alike Onb 
1)3 the I ari fill stiidv of a 1 irgi number of different 
b ill 111 s IS it jiossibli to notiii the loiistantb re- 
eiirriiig jiropi rties and to b ise upon them stand- 
ards, wliiih will assiiri a qii ditativelv , as well as 
qu iiitit itivi I3 vvi II defined prodiii t 

To jirovi I 111 SI ri marks, I hIioiiIiI like to dwell 
bnefb upon the widi v inations iii ihnieal sale 
reactions found in the idministr ition of the same 
number of units of ilifTcreiit lots of penicillin or 
streptomv cm 

Clinici ms ire well iw ire that the pun frC" 
(liientb following the intramuscular injection of 
these drugs greath v ines in the same patient 
with difTerent batches of the material Hcrwick, 
et al ( 13 ) have shown that with penicillin the 
degree of local irritation is directly related to t le 
})urit3 of the preparation Likewise, Sdv'crs (10 
was able to demonstrate tlial the dermatitis o 
served after the injection of an impure penici m 
failed to occur in the same patient w hen pure pcni 
cillin was used . 

In animals, the acute to\icit 3 ' of penicillin no 
only vines with the t 3 ’’pe of cation, beiiig^ eas 
with the Na and greatest with the K salt (lo, > 
but also greatly depends upon the jiuritj" 0 le 
pieparation (17, IS) (fig 2) the intravenous 
50 of puie Na penicillin G being 3 2 million \ ^ 

units jiei kgm mouse, while the coiiespon mg 
figuie for an imiiuie piepaiation is 00,000 s or 

units jici kgm An even gieater vaiiation IS 

with stieptom 3 'cm pieparations of * 

(19) (hg 3) While variations in lots of 
potene 3 ' and thus different bulk content mig 1 
expected, it is more difficult to understan vv 
pieparations of appioximately the same po e 
should show an almost equalb"^ wide range m 
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intrucnous mid subcut'ineoub to\icit\ , pnrticii- 
larh if the potencj of thc&c lots comes close to 
tint of the pure nntornl Vnning iniounts of 
bulk, differences in the speed of ibsorption from 
the subcut uicous tissues und the presence of some 
hlghI^ ictne, unidentified impurities ml^ nccount 
for these findings 

In udditioii to qinutitutii e % irntions in the 
icute toMciti , there arc qmlitrtnc differences 



Eig 2 \cute intrai enous toxiciU of penicillin 



Fig 3 Varntions in the acute subcutaneous 
tOMcit) of streptonij cm in mice Each point 
represents the L D 50 of a different lot 

betiiccn individual batches of penicillin or strep- 
tonij cm Thus, Garrod (20) observed that iiithin 
certain limits the bactencid d effect in iilro of 
commercial penicillin was greater at lower than at 
higher concentrations, this anomalous behavior 
disappeared when pure penicillin w as used Other 
qualitative differences m the chemotherapeutic 
properties of penicillin samples of different puntv 
wore noted bj Dunham and Rake (21) who found 
impure concentrates more active against T pallx 


d\im than crystalline penicillin G, which was al- 
most devoid of such activitj In expenments con- 
ducted bv Graessle and Bugie (22) m ourlaboratorj 
on the in iifro activity of various lots of penicillin 
against Dirofilaria xmmilis (table 2) low potencj 
preparations killed the microfilaria, while crystaf- 
Ime penicillin G was ineffective in this respect, 
except in concentrations, which produced damage 
througfi unspecific osmotic changes 
Streptomj cm batches of varjang punt j and dif- 
ferent methods of manufacture exhibit even more 
striking pharmacologic differences In the early 
stages of the investigation of this antibiotic it was 
noted (17) that intravenous injection of certain 
lots produced m rats, cats and dogs a steep fall of 
the arterial blood pressure while m rabbits the 
smie lots raised the blood pressure (fig 4) There 

T\BLE 2 


In ntro oelmly of rnnoua Jots of penieilltrt against the microfilanae 
of Dtrofilana tmmilts 
2A hour results 


COMrOtVD 

MCM '^CC 


2 

i ^ 

8 

' 16 

1 . 

32 

Co^tallme Pcnicil 
Im 

1G67 Unite/Mg 

K\i\o 

3 331 

1 

Wnc 

6 663 

13 336 

Mne 
26 672 

Dead 

53 344 

Na Penicilim 

429 Itmts/Mfi 
Unite/cc 

\lne 

K\i\e 
\ 716 : 

1 

Dead 

3 432 

1 

1 Dead 

1 6 SG4 ' 

Dead 

13 72S 

Cu Pemedbn 1 

lU Units/Mg 
Units/cc 

\lne 
222 ! 

Mne 

444 

i Dead ' 
sss j 

1 

1 Dead 

1 (76 


5R8261 Penicillm 
Impurities 
\o aclmtj 

\li\e 

0 

Mue 

0 

Dead j 

”i 

Dead 

0 

Dead 

0 

NaCl 



■4.Me j 

■Vh\e 

Dead 


also were found peripheral vasodilatation, con 
stnction of the isolated intestines ind uterus 
stimulation of gastric secretion and a teniporarv 
inhibition of the w iter diuresis These reactions 
suggested to us the presence of i liistamine-hko 
impuritj, an assumption which w is fullv con 
firmed, when treitment of highlv contaminated 
samples with histammase resulted in the complete 
removal of the various histamine tvpe reactions 
(fig 5) Various lots V aned greatlv m their fiista 
mine effect and m occasional lot was even com 
pleteh free from It (fig 6) 

Through close cooperation with clinical mvesti 
gators It was possible to link the presence of an 
excessive amount of the histamine like impuntv 
to a varietj of side reactions m patients sucli is 
headache, flushing of the face, nausea vomiting 
and occasional fainting spells (fig 7) 
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The lust uuiiK'-likc fuloi, wliidi tiou Ims luih 
liibloi i( il iiitc K'st , siiK ( It IS i( iu()\( (1 f 1 1)111 strop 
l()in\ ( 111 lots of ii'i out 111 iiiiif i< tun , is oiih one of 
till ])li 11111 u o(h 11 iiiiK ilh lutjlih iiitiM iiupiiri- 
tios, tl'c* ollu’is 1)0111^ i('s])oiisil)l( for t lio ii( iiti tii 
ti uoiioiis 111(1 siilu lit UK oils to\i( it % 111(1 porh ij)s 
soiiK' of tlu (liiiK il si(l(' loutioiis 'fills iiiiiuirilj 
IS not iiidiK'iicod l)^ lust iiiiiniisi (li^ S),it ippo irs 
to 1)0 111 olltlt^ l)j itsolf 111(1 (listiiK t froiiiHlni) 
loiin (111, siiu ( , IS iiieiit 10110(1 l)of()r( , o% on tlio most 


l( ni|)( lilt iir( piiii) in tin joints or skin rnslirs is 
diK to sin pt()in\( 111 ils( If or OIK of its iniiniritios 
or should 1)( iitlriluiti d to iiii iduiorin il soiisiliviti 
or s( nsiii/ itKUi of tl)( p iti( lit 
'I li( (I ita r illii r sk( t( lul% pn s( ntod in tlio foro 
f;oiiiH 111 i\ s(rv( 1 s proof tliit tin ( liiural iiso of 



PCEPmATioa 



RABBIT 



BLOOD PRESSURE 


CAT 


BASE LINE 

time in 10 SECONDS 


1 IK ■) 1 ffoct of lustiiiiiinaso treatment on 
d( jirossor olTo( I of iinpiiro stroptonivcin 
C’lt f 25 kfi ncinhiit if anesthesi i 35 mg /kg 
subcut iiicotislj 1 Histamine Indrochlonde 
0 00005 mg /kg 2 Rtroptonnein ooncentrate, lot 
20G, 50 iinits/kg 3 Streptomjcin concentrate, 
lot 2flG, liistaminasc treated 50 units/kg 



Fig 4 Comparison of blood pressure effect of 
impure streptomycin in the rabbit and the cat 


highl}" purified lots varj’^ in their intravenous and 
subcutaneous toxicity 

It has not yet been possible to establish a cor- 
relation between a high acute toxicity in animals 
and the suitability of a particular batch for clinical 
use, nor could it be determined whether the neu- 
rotoxic signs occasionally following prolonged ad- 
ministration of streptomycin are an intrinsic prop- 
erty of this antibiotic oi are due to an impurity, 
and whether the occasional occurrence of elevated 



Fig G Comparison of the depressor effect of 4 
different lots of streptomjcin 

Cat, wt 3 43 kg , nembutal, 30 nigni /kg 1 ^ 
A, 0 01 mgm histamine phosphate B, 
Units/kgm of streptomjcin lot 169 . 

Units/kgm of strcptom 3 Cin lot 162 D, ^ ’ 
Units/kgm of streptomjmin lot 162 E, ^ > 
Units/kgm of streptomycin lot 5IIS79S F, 1 , 
Units/kgm of streptomycin lot 5R8869 

some of the most promising antibiotic agents 
would be impossible without extensive p larnia 
cological research and constant quality con ro 
through pharmacological tests based on t us re 
search This, how'ever, is only part of the contri- 
bution, which pharmacologists may render to le 
new chemotherapeutie agents, of equal, a t ougi 
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less immediate importance is rosenreh on the prnli- 
lom of drug fastness, nliich fhroitciib the future 
use of llicsc drugs 

The phciiomciiou of eh iiigcd susceiilihility to 
the rciicntcd idmimst ration of a drug is not new 
It ma> m inifcst itself in the need for an in< re ise or 
decrease of tiie original dose as Mcll ns in a qinli- 
tatuch different Ij pc of reaction Alterations in 



Fig 7 Correlation bclMCon clinical side rcnc 
tioiis and effect on blood pressure (5G lots slrep- 
tomj cm) 


TREATED UMTREATEO 



Fig S Intravenous toxicity of histaminase 
treated streptomycin concentrate 

the absorption, excretion, detoxification and mcl- 
ahohe disposal of tlvc drug, is well as the develop- 
ment of allergic phenomena are some of the rea- 
sons, w Inch max necessitate a cliange m the dosage 
schedule of morphine, barbiturates, arsemcals, 
etc A decrease m the suaceptibihtj of pathogenic 
organisms to a chemotherapeutic agent is likewise 
a well known occurrence and quinine or arsenic- 
resistant strains hnxe often interfered with the 


uscof IhtseothorwiBelughlj effective drugs How- 
c\ir, the development of drug fastness has never 
become so d irming as since the introduction of 
the sulfonamides and the antibiotics Whether the 
high incidence of drug fastness is due to the 
liber il and indiscnmmalc use of those new, 
practically non toxic agents or whether these 
drugs arc particularly likely to produce resistant 
strains, is not known Regardless of the cause, 
however, there is the prospect that in the rela- 
tively no ir future penicillin and streptomy cm may 
to a considerable degree lose their usefulness in the 
therapy of some of the most pro\ alcnt infections 
unless some means can he dcviscil to restore the 
original susceptibility of cither host or pathogenic 
agent 



Fig 9 Atqinrid resistance of Slajihyhcoccus 
aureus strains to penicillin and streptomy cm in 
vilro 


An increased resistance to antibiotic agents can 
probably be dex eloped by almost all types of 
pathogenic orgamsms, including My cobact tuber- 
culosis (23, 24) It vanes widely, however, even 
with closely related strains, and appears with dif- 
ferent antibiotics to a different extent and with 
different speeds (fig 9) Drug fastness can bo pro- 
duced in mlro as well as in vno (25) Whether a 
strain rendered drug-rcsistant by cultivation in a 
medium containing increasing ooncentralions of 
the chemotherapeutic agent will loae its fastness 
through repeated transfers to normal culture 
media or through animal passages cannot be 
answered summarily Todd, ct al (26) have found 
that staphylococci which haxe become resistant to 
pemcillm lose their fastness upon subculture in 
normal broth and become again susceptible to peni- 
cillin concentrations which can easily be obtained 
m the liuman bodx Experiments in our Inborn- 
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(oiy ( 27 ) li no hllo^\ll a biinil II lx Ii nioi foi y> nth 
^\hIIc&lrpp(onlJ'Cln]CbIfal ml h h/plit niidA' '.rhnll- 
iindlciiiQi lined llicir f isliicss foi iiuih Him (linx 
inontlis fcmiihr ol)*-! i \ ilioiis mi si n iilmin i m f i d 
Ronococci md nitniiiRotoii 1 Ii iv( Ijti n pidilisln i| 
hj Millci md IFilmliolT ( 2 S) J( ippi us, ilnl n i 
lurilly rosislanl sirams n ( im Huh t li ir k h iisIk 
In i f ir gunlcr di rioi lli m sli ims tli i( li im u - 
(piircd resist mtc onlj IlirmiRli (11(11111 m ini di i 
containing mere isiiiR (oiimiiIi ilions of tin mli- 
Inotie ( 2 ')) Unfoi tun ill Ij , lioiM \( r, (III mi idi iim 
of naliirdlj itsisl ml sli una iiijn us (o lx i|iiiti 
Ingh ( 30 , 31 , 32 ) md i( isliluh (omiii isi is (lie 
less resist iiit sli iiiis ire gi idti il!\ eliiiim ili d and 
only llicniosl resist uitsti unssiii \ i\(> ( 33 ) 

The ipiestion n itiirallv u isi s w li i( nii isiiiisi m 
be taken to coiinteiait tin di eeloiimi n( of drug 
resistanec One of (he iiiosl i ffi i Iim whs ippi us 
to be the sclcetion of i dosi siillii leiilh 1 irgi lo 
lapidl}’’ elunmatc (he jiilhogime orgmisnis In 
Mew of the low (o\ieiU ofixnieillm mdsliipbt 
inj cm, which pcrniits tin idniimsl r ilimi of dost s 
far in csccss of those recpiiied to slop bull nil 
growth, such a course e 111 readih lx followed, pir 
ticularly if the resistance of the speeilii ji itliogi n 
IS determined iirioi (o, or siimiltaiieoush with, 
the start of the tre itineiil 'Iho desir ibilili of ob- 
taining high initi il ( OIK ( nliations of (hi iiiti- 
biotic makes i( pai tieul irU uniiort ml to insist on 
a dosage regime, whiili insures the inamtenmii 
of high blood toneentiations The iisi in the In it- 
nicnt of sjslcinic mfeetions of suih inejiii ilions 
IS salves, lo/enges, i hi wing gum, s])ri\s, i ti 
which aie hkeh to inodiui iileiiuatc loiuiiitri- 
(10ns onlj a( the ininiedialc site of ippbi ition 
w ould therefoie appeal (oireile i di finite h 1/ ml 
unless speei il foinis cm lx ileMloixal, which will 
assure a eoinpletelj idecpiile diiig loneeiitrilion 
m blood and body tissues 
Anothci measuic wliiih 111 ly be woithy of in- 
vestigation, IS the ( onibiii ilioii of different eheiiio- 
theiapeutic agents, as suggested by (’irpentei, 1 1 
al ( 34 ), who obseived in xihn th.it 5 differiiit 
strains of goiioeoccus failed to dcvcloji icsisl iiiec, 
when exposed to the combined action of sulf ilhi i- 
zole, piomin, rivaiiol and penicillin, although thej’^ 
regularly developed fastness if exposed to only one 
of these agents This course, however, might have 
a number of serious draw'backs, since it exposes 
the patient to the toxic and antigeme effects not 
onlj’’ of one, but several drugs 
Once diug fastness has been developed, i change 
m the chemotherapeutic agent is at Hus lime Ihc 
only means for continuation of an effective treat- 
ment Unlike the sulfonamides of which each in- 
dividual niembei is capable of pioducmg lesis- 
tance against the entire group ( 35 ), there seems to 
be no such mterchangeabiht3’' between sulfona- 
mides and antibiotics, or, as a rule, between dif- 


fi ii III ml ibiol II agi lib I’uwi II and fainirsori ( 30 ) 
uidMiIxie md Kakr ( ! 7 ) found (hal snlfonainxli 
f 1' I pill minx IX ( I ri m urir d mim r |i(ible In pi mnl 
III! md ( xpi I iim Ills in our 1 ibor ilori linvi shown 
dill III 1 x]X) uri of /y i/ifi (o siri filomM in fnilrd 
In mdiiii iisislmii (o sin iiloihrii III or mk 
M isi, mdiid, t •IrififoiiiMm fasi ■ ihrioriflla 
s| r nil h IS lx I n sill ei ssfiilh iim d I o dfli 1 1 niinulp 
uiioiinls of sill ploihrii III m i inixlun of (Insi 
Iwiiilosili nliliil mlibioliis (IS) .Similirh,a 
sin ptoni\ I III fiisl hliijili (iitrcii'< slriim filled lo 
show Ksistuiii aguinl pi nii dim md Alilli r mil 
Hohnhoff (2S) h im riporlid (hil sin (iIoiiim in 
fiisl goiux oei i md mimngoeixii nniiiniil siis 
iiplibli lo piniiilhii IIowiMr, Wiksman ( 30 ) 
riporlid dill i slri ptoinj ( III rcsisi ml I’ xulgnrn 
lx I mu ilso ri si ,1 ml (o s( n jilolhricin mil iinjxib 
lishi d ( xpi rimi ids b\ fir 11 ssli imil 1 rosi from our 
liborilorj h iM mdii dial (h i( pi nii illiii risislaid 
sir iiiis of )Sfi/p/u//()ri;rci/ iii/rc ns 111 1\ ix i asioiialh 
nil ri iise III I lx ir ri sisl mi I (o si n ploni\ cm b\ ns 
iiiiii h IS II) I mil s 

If I I h iiigi of dll I hi iiindii r ipeidii agent 
should ri in un (lx oiih w i\ of oxerroniing m nl- 
ri id\ I s( iblishi d drug ri sisI inee, in inx new anli- 
bioties III IX II IM (o be dr m loped if iiiedii me is lo 
(oidmiii (oinjox (hi mix mi 1 d s( igi of 1 henio 
Ihiniix xxhiih his bei n iihiexi'd in (hi last 5 
xeirs 'J’heri is, howi xcr, (he iiossibildx (hati)har- 
111 ii ologie il rose in II 11113 find other means of 
rid irdiiig or prexentmg the dcxclopmcnt of drug 
resist mec Tlius, fehw irlrmin ( 10 ) obserxed that 
lerlim iiiiino leids in 13 grcilb alter the bactcri- 
i id il iclioii of ])cnuillm, nielhionmc and penicil- 
lin (ogethei ixert i s3ncrgistic inhibitorx effect 
u|)on n coll, will! Il iiorni 1II3 isiiiirkedlx resistant 
iguiibt iienieillm, md mixtures of serum and 
niothionine, xxhieh themselx'es produce onb m 
eoiiijilete inhibition, x\ ere capable of mere ising tho' 
susecjitibildx' to iicnieilhii b3'' is ninio’’ as 12-30 
times ( 10 ) Siimlarlx , addition of methioniiic, 
nielhionmc biilfoxidc md threonine greatb' en- 
h meed the jienicilhn siibceptibihtx' of Brucella, 
Ebiilhclia, Siliiionelli and Shigella, whereas 
other miino acids (aspartic, glutamic, h3drox3'- 
glutainic, asparagine, C3'stme, arginine, histidine 
and hydrox3^piolm) were capable of suppressing 
the effect of penicillin upon gram-negatixe organ- 
isms Although these studies were performed tn 
vtlro only and have no direct bcaiing on the phe- 
iioincnon of di ug fastness, there is nevertheless a 
eoiiblantly gioxxmg cxadeiicc of tho interrelation 
bliip bctxxccii the nutritional state of the hos , 
susceptibility to infection, immunological reaction 
and response to pharmacological agents ( 41 , 
Deficienc3'' of ceitam xatamins has been foun o 
either enhance or decrease the susceptil^hf> 
infections (43, 44) and some of the so-calle an 1 
vitamins” possess definite, .though mo era 
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chcmothcnptutic properties Tlio inlinckoUsiil 
ictniU of pori TOimobcnzoK ocid ilso belongs 
here Itimj tboreforo bo possible to infltitncc tin 
de^ clopmcnl oi the diinlion of drug rcsisfsncc b> 
dictnrj incsnsoi through direct plitrmacodj mime 
scfion upon mol ibobc processes To dost imIIi tins 
problem sueecssfullj uill reciuirc much plnrms- 
cologtc resosn.!! on the mode md site of selion of 
antibiotics and on the general problem of inter- 
rdationslup between susceptibilitj to infection, 
tfliticj of chemothcripciitic agents mil st itc of 
metabolic ictnitj 

There c m be little doubt, th it the adv inces m 
bacterial chemotherapy could not h v\o iirocccdcd 
without the help of CNpcrimcnlal pharmacology 
Pharmicologj itself, however, has greatly been 
bcncfitled by the studj of these agents, w Inch h ive 
brought ibout a far reaching change in the tech 
niqiie of selecting an optimal dose for the in 
duidiial piticnt While it his long boon known 
tint “Corpora non agunt nisi soluta” and that no 
drug can be cffcotiie unless present at its specific 
site of action, it w as not until 1937, w hen Marshall 
stressed the need of knowing the sulfonamide con- 
centration m the blood, that tlic principle o? ad- 
justing the dose to the required blood levels has 
become unncrsal I j icccptcd, not onlj for the sul 
fonamidcs, but also for other drugs 


Another mcasuro of similar importance has come 
info wide use with the advent of the antibiotics, 
although agim its principle was previously well 
known Under tiic stress of conserving the first 
in idcquato 6U))phes of penicillin and streptony - 
cm, as well as in order to obtain complete data on 
their chemotherapeutic efficacy m man, it became 
an established routine to determine in vitro the 
scnsitivitj of the pathogen to tlic drug and to es- 
l ihlish by means of blood concentration tests m 
the individual p iticnt a close that would issurc an 
cITcctive concentration Two principles have 
thus been introduced, which might well be more 
generally adopted First, to determine in the in- 
dividual patient the evtent of liis actual need fora 
particular drug and second, to make sure, by 
means of suitable assay methods, that this roquiro- 
nicnt is being met This is a f ir cry from the old 
procedure of selecting the dose from experience or 
from hooks, jet it is not only scientifically sound, 
but indispensalilc w itli drugs siicli as penicillin and 
streptomj cm winch maj rapidly produce drug 
resistance, if giicn in suboptimal amounts The 
adient of the new chemotherapeutic agents has 
thus not only provided the medical profession wuth 
weapons of hitherto unknown power, but has also 
taught us more rational and effective principles of 
selecting and administering therapeutic agents 
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DONALD RUSSELL HOOKER 


This September number of Federation Proceedings has been 
issued under the guidmg hand of the man n hose dreams, plans and 
effort have made the pubhcation possible Even through several 
months of senous illness, Dr Donald Russell Hooker has earned 
his worls abl}’’ to a close 

'On August 1, 1946, Doctor Hooker died at the Johns Hopkins 
Hospital As the first permanent Secretary and as Managmg 
Editor of the Proceedmgs, Doctor Hooker gave freely to the Feder- 
ation the full measure of his excellent admimstmtive abihty, 
scientific and editorial judgment He will be very greatly missed 
as fnend, humamtanan, and for his generous, skiUful and 
widespread contnbutions to the cause of science 
"With this bnef note, members of the Federation wish to extend 
their deep appreciation and sympathy to Doctor Hooker’s family 
So great a loss can be more fittmgly recognized at a later date 
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REPORTS SUBMITTED BY SECRETARIES OF THE CONSTITUENT SOCIETIES 

AMERICAN PHYSIOLOGICAL SOCIETY 


The annual meeting of the American Ph 3 Bio- 
logical Society for 1946 was held in Atlantic Citj , 
New Jersey on March 11 through March 1C Meet- 
ings of the Council of the Socictj ncrc held on 
March 10, 11, 12 and 14 
The Society adopted an amended constitution, a 
copy of hich n ill be publiBhcd in another issue of 
the Federation Proceedings ThcSocictj elected to 
membership all of the nominees approi cd by the 
Council during the j’ears 1943, 1914 and 1945 Italso 
elected to membership all of the nominations ap- 
proved by the Council in 1946 including 8i\ 
honorary members as follows Professors August 
Krogh, Copenhagen, L Orbcli, Moscow , Joseph 
Barcroft, Cambridge, A V Hill, London, E D 
Adrian, Cambridge, L Lapicque, Pans 
The Society approved the following appoint- 
ments Dr Homer Smith to the Board of Publica- 
tion Trustees for the 1944-47 term. Dr Frank C 
Mann for the 194&-48 term, and Dr A C Hyfor 
the 1946-49 term Dr Ivy w as named Chairman of 
the Board of Publication Trustees 
The Society passed unammouslj'' the following 
resolution 

“Whereas, Dr Walter J Meek has served the 
American Physiological Society as Chairman of 
the Board of Publication Trustees since its crea- 
tion, and by his devoted work has been responsible 
to a major extent for the high quality and financial 
success of the publications of the Society 
“Therefore, be it resolved, that the members of 
the Physiological Society extend to Dr Meek their 
sincere thanks for his generous and large services ” 
The Society was informed of the resignation of 
Dr D R Hooker as Secretary of the Federation of 
American Societies for Experimental Biology In 
recogmtion of his long and valuable services the 
American Physiological Society formally thanked 
Dr Hooker for what Professor A J Carlson called 
“the tremendously valuable, unselfiish work that 
Dr Hooker has done for our group during the last 
thirty years ” The motion w as passed by a unan- 
imous standing vote 

The Society approved the recommendation of 
the Council endorsing the work of the National 
Society for Medical Research and instructed the 
treasurer to include w'lth the next statement of 
annual dues an invitation to contribute to its fi- 


nancial support from the treasurer of the American 
Plij'siological Socictj 

Tlic American Phjsiological Society was con- 
fronted at Its 1916 meeting with the issue of mili- 
tary censorship of scientific information Upon 
unanimous vote the following resolution was sent 
to the President 

“President Harry S Truman 
White House 
Washington, D C. 

The members of the American Physiological 
Society are profoundly disturbed by the continua- 
tion of rigid secrecy orders covering scientific 
research in biological and medical problems It is 
our considered opimon that it is not m the pubhc 
interest to continue to permit military censors to 
determine what facts may or may not be disclosed 
to other scientists or to the public in any cases 
other than those directly involving military weap- 
ons It is further our belief that in any future pro- 
gram of government financed research, by civilian 
scientists on problems other than those dealing 
with military weapons, the principle of freedom of 
research and publication should be scrupulously 
preserved against military domination 

Signed for the American Physiology Society ' 
by its major ofllcers” 

The Council authorized the appointment of Drs 
A C Ivy and E Shorr as members of the Federa- 
tion Committee for the Protection of Medical Re- 
search 

The Society received the report of the Survey 
Committee, Dr E F Adolph, Chairman, Drs T 
E Boyd, J H Comroe and Philip Dow Portions 
of this report w ill be published by the Committee 

Tentative plans w ere made for the next annual 
meeting in Chicago in the w eek beginmng May 18, 

W 

A committee was appointed wnth Dr R ” 
Gerard as chairman to organize for the 1947 meet- 
ing a symposium on the traimng of physiologists, 
and to explore the possibilities for the extension o 
physiological instruction into wider areas 

The follow mg ofiBcers were elected Dr Wallace 
O Fenn, President, Dr Maurice B Vissch^, 
Secretary, Dr D B Dill, Treasurer, and Dr 
C Bazett, Councilor 
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AIMERICAN SOCIETY OF BIOLOGICAL CHEMISTS 


At the Atlantic City Meeting the following Offi- 
cers were elected to take office Julj 1 
A B Hastings — President 
H T Clarke — ^^^ce President 
0 A Bessej — Secretarj 
G O Burr — ^Treasurer 
\ K BaUs— Councilor-at-large 
W C Rose w as elected Chairman of the Nom- 
inating Committee 

The reports of the Treasurer, Finance Com- 
mittee, Editorial Committee and other Commit- 
tees were read and approved H B Lewis dis- 
cussed the work of the Placement Service and 
agreed to remain in charge of it for another j ear 
Among the other actions taken, it was voted to 
set the annual dues at S3 50 because of the in- 
creased cost of the Federation Proceedings 
Furthermore, the Society e\-pressed its hearty 


endorsement of the purposes of the National 
Society for Medical Research and instructed the 
Treasurer to include with the statement of the 
ne\t annual dues an invitation to each member to 
contribute to that orgamzation The Treasurer 
was authorized to receive and pay over such con- 
tributions 

The President made the following new appoint- 
ments A Committee on the Professional Traimng 
of Biological Chemists, H B Lewis, Chairman, 
W M Clark, E A Doisj,V duVigneadandC A 
Elvehjem, Committee on Clinical Chemistry, V 
C M>er8, Chairman, D D Van Slyke, H T 
Clarke, Historian of the Society, P A Shaffer to 
succeed R H Chittenden, deceased 

Eighty-three persons were recommended by the 
Council as eligible and endorsed for membership 
and w ere duly elected members 


AilERICAN SOCIETY FOE EXPERIMENTAL PATHOLOGY 


OrncEKS AND Committees 

Officers for the Year 1946-47 President, Paul R 
Cannon, Vice-President, Douglas H Sprunt, Sec- 
retary-Treasurer, Frieda S Robscheit-Robbins, 
Councilors, H P Smith and John G Kidd, Repre- 
sentative in the Division of Medical Sciences of 
the National Research Council, H P Smith, 
Representatives on the Council of the American 
Association for the Advancement of Science, Mal- 
colm H Soule and E B Krumbhaar, Representa- 
tive on the Council of the Umon of American Bio- 
logical Societies, H P Smith, Representatives on 
the Ell Lilly Award Committee (jmutly with the 
Society of American Bacteriologists) For Nomi- 
nations Morton McCutcheon, For Award Shields 
Warren 

Neto Members Doctors Allen B Eschenbrenner, 
Joseph John Lahch, George Rodney Meneelj and 
Albert Segaloff 

In accord with the recommendation of the 
Council sympathetic support to the newlj formed 


National Society for Medical Research was voted 
and the suggestion made that members contribute 
financially as individuals The President outlmed 
the need for additional funds m accord with the 
action taken by the Council m order to give more 
adequate financial support to the office of the 
Federation Secretary and to pro\ide for adequate 
funds for the operation of the Society itself This 
action was approved and it was voted to increase 
annual dues to three dollars per year The Presi- 
dent of the Association of American Pathologists 
and Bacteriologists was informed that our mem- 
bership would welcome arrangements whereby 
members could more convemently attend the an- 
nual meeting of the Association and of the Society 
for Experimental Pathology It is hoped that 
in the future the Association might be able to 
meet irnmediatelj ahead of the Federation either 
in the same city or in a city near by 
The Society accepted with regret the resignation 
of Dr Rufus Cole, Member Emeritus of the Rocke- 
feller Institute for Medical Research 
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THE AMERK’AN INSTITUTE OF NUTRITION 


The tenth annual meeting of the Ainenc in In- 
stitute of Nutrition imis held in Atl uitic Citj, 
March 11-15, 1946 Since the annual meetings were 
suspended during the war period this was the first 
meeting since 1942 

Council ?ilcctings Council meetings were held at 
the Ambassador Hotel, Monda\ , Marcli 11, at 3 00 
PM ind at 7 30 P M Ml members were present 
Formal actions of the Council ire reported in the 
minutes of the business session 
Scientific Sessions The scientiric program con- 
sisted of one sj^posium and four half-da\ sessions 
of scientific papers grouped according to tojiic 
The symposium was entitled, “The application of 
the newer knowledge of nutrition to prcscnt-dn\ 
problems” and the five speakers (II M AA ilder, L 
A Maynard, W E Ivrauss, P C leans, and C A 
Elvehjem) discussed larious aspects of tlio war- 
time activities of the Food and Nutrition Board 
Dr W C Rose, President, acted as chairman and 
made a few introductory remarks 
Dr A H Smith presided at the Tuesdaj after- 
noon session. Dr H B Lewis at the Wednesdaa 
mormng session, Dr H A Mattill at the Wednes- 
day afternoon session, and Dr W C Rose at the 
Thursday mormng session 
A total of 37 papers was presented and IS were 
read by title A great deal of interest w as displaj cd 
in the nutrition program necessitating securing a 
larger room The estimated attendance at the a ari- 
ous sessions ran from 250 to 400 
Business Sessions Two business meetings were 
held, one at 7 30 Tuesday, March 12, and the other 
at 10 00 A M Thursday, March 14 The business 
meetings w ere presided over by the President, W 
C Rose 

Tuesday, March 12, 7 30 The report of the 
Treasurer was read by Dr E M Nelson The audi- 
tors, Dr J H Roe and Dr D B Jones, previouslj 
appointed by the President, had examined the 
Treasurer’s books and found them correct The 
report of the Treasurer was accepted and ap- 
proved 

Dr George Cow gill, Editor of the Journal of 
Nutrition, reported that During the year 1945 
volumes 29 and 30 of the Journal of Nutrition 
were published, they contained 102 papers There 
were submitted during the year 163 articles The 
average number of papers printed per issue in 
volumes 29 and 30 wms 8 5, the same as for the pre- 
vious year The average number of pages per 
article proved to be 9 0 compared w ith 9 4 for 1944 
During the tw o years 1944 and 1945 the format of 
the Journal was one carrying more printing per 
page and representing an adjustment to the paper 
shortage created by the war Beginning with Jan- 


unr>, 1910, Wistar Institute returned to the older 
format for all of its journals At the same time, in 
response to a request from the Editor, it increased 
the sire of the Journal of Nutrition from the old 
100 pages per issue (600 per volume) to 120 pages 
per issue (720 per \olume) This represents an in- 
crease of 20 per cent in the sire of the Journal, 
which should help to secure more prompt publica- 
tion of accepted papers This change was made 
without an\ inrrcase in cost of the Journal to 
subscribers 

In accordance with past polic} , a change was 
made in the picture of a distinguished scientist 
printed on the front coi er of the Journal beginning 
with the issue for Ianuar\ , 1946 The new picture 
chosen b\ the Editorial Board was that of Russell 
II Cliittcnden 

During the jear 1045 efforts were made to find 
some waj for honoring Dr John R Murlin, who, 
more than anj other single person, did most to 
establish the Journal of Nutrition and the 
American Institute of Nutrition Dr Murlin had 
retired from his post at the Univcrsitj of Roches- 
ter on account of ago, but because of the war and a 
shortage of personnel, had been requested bj his 
universitj to continue for another jear this 
period expired in June, 1945 It seemed particu- 
lar!} appropriate, therefore, that something to 
honor him be done as soon as possible after that 
date Plans were finall} completed for designating 
volume 31 (Januar}-Junc. 1946) ns the John R 
Murlin Honor Volume Each issue of this 
X olume was to carry on its front coxer such a title 
In the first issue there appeared a photograph of 
Dr Murlin which thus serxes as a frontispiece for 
the xmlume The picture was accompanied bv an 
article of appreciation xxrittenb} a pupil and 
younger associate, Dr E S Nasset 

During 1945 printing shop difficulties at the Wis- 
tar Institute operated again to delay final appear- 
ance of the issues of the Journ xl This represented 
continuation of an old problem which xxas men- 
tioned in previous reports The present prospects 
are that this will continue for some time at least, 
but that Wistar Institute will succeed gradually 
in returmng to the correct printing schedule for a 
of its periodicals 

Dr Cogw ill’s report w as accepted and approve 

The President outlined to the members the 
necessity for increasing Federation dues from $1 to 
S2 in order to meet the increased operating ex- 
penses of the Federation with the advent of a new 
Secretary This would involve increasing the In- 
stitute dues from $2 to $3 for 1946 It w'as move 
and carried that this be done 

The Secretary reported that the Council ha ap 
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pro\ ed the appointment of Dr Walter Russell to 
replace Dr Maj nard as the representative of the 
Institute on the DiMsion of Biology and Agricul- 
ture of the National Research Council This 
recommendation n as appro\ ed 

The report of the Placement Service by H B 
Lems was approved as was the continuation of 
Dr A H Smith as the representative of the 
Institute on the Editorial Board of Federation 
Proceedings 

The Secretary announced that the reports of the 
Borden and Mead Johnson Award Committees 
and the report of the Nominating Committee had 
been approved bj the Council and that the report 
of the Nominating Committee would be presented 
at the Thursdaj morning business meeting Dr 
Rose pointed out that since the Thursdaj morning 
business meeting would be restricted to members 
of the Institute onh , the presentation of the 
Borden Award and the Mead Johnson Pnze would 
be made immediatelj following the scientific 
session on Thursdaj morning and preceding the 
business meeting Dr Rose appointed Dr I S 
Kleiner and Dr H H Williams as tellers 

Thursday, March 10 The tellers, I S Kleiner 
and H H Williams, reported the follow mg results 
of the election President — A H Smith, Vice- 
President — R M Bethke, Councilor — H J 
Almquist, Editorial Board— H J Deuel, Helen 
T Parsons, V P Svdenstricker 

The Council recommended that the follow mg be 
elected to ' membership Georgian Adams, L 
Atkin, R A Brown, V H Cheldelm, D M 
Greenberg, P Handler, E L Hove, R E John- 
son, A R Kemmerer, Helen Oldham, Aline 
Underhill Orten, J J Pfiffner, E E Snell, L D 
Wright 

This recommendation was approved and the 
abov e candidates w ere elected 

H E Carter announced the initiation of a new 
publication — “Biochemical Preparations” — for 
the purpose of publishing detailed, checked 
preparations of compounds of biochemical 
interest He announced that the Editorial Board 
would be happy to have suggestions of suitable 
preparations or of preparations w hich the author 
would be willing to submit 


Dr E W AIcHenrj moved that the Council give 
consideration to the character of the annual 
meetings to the end of improving them in any way 
possible This motion was seconded and approved 
It was suggested that the Secretary circularize 
the membership soliciting suggestions on this 
point 

Dr Rose announced that Dr Ivv, Dr Carlson, 
and others had organized a group called “The 
National Societj for Aledical Research” whose 
objectiv e is to educate the public as to the neces- 
sity for and methods of carrj mg on animal ex- 
perimentation He also pointed out that a similar 
group m New York called “The Friends of 
Medical Research” had been active for some time 
The American Institute of Nutrition adopted the 
following resolution with regard to these organi- 
zations 

Be it resolved that the American Institute of 
Nutrition expresses enthusiastic approval of the 
purposes of the National Society for Medical 
Research and will recommend further action when 
the most effective means of assistance becomes 
evident and the American Institute of Nutrition 
also endorses most heartily the activities of the 
Friends of Medical Research 
The Secretarj announced that the Council bad 
refused a request bj the Union of American 
Biological Societies that the Institute become a 
member of that Societj | 

The Institute gav e a heartj v ote of thanks to the 
Local Committee for their fine service m organiz- 
ing and arranging the meeting The Secretary was 
asked to send a letter of thanks to the local com- 
mittee 

President Rose appointed the following Nomi- 
nating Committee for 1946-47 Dr I McQuame, 
Chairman, Dr Harold Goss, Dr T S Hamilton, 
Dr H E Longenecker, Dr E W McHenry 
The meeting adjourned at 11 45 A M 
Presentation of Awards Immediately preceding 
the business session the Mead Johnson Prize and 
the Borden Award were presented Drs Genevaeve 
Steams and P C Jeans as co recipients of the 
Borden Award received medals and checks m 
recognition of the honor Drs I C Gunsalus and 
E E Snell received scrolls and checks as co- 
recipients of the Mead Johnson Prize 
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AIMERICAN PHYSIOLOGICAL SOCIETY 
SYMPOSIUM ON PHYSIOLOGICAL CONTRIBUTIONS TO WAR PROBLEMS 

II C I 3 \ 55 ETT, Ciiaiuman 
Vnjvcr'Jili/ of Pcmnyhama, Philailrlphin 


In opening the meeting I wnnHii&t (o ilriw 3 our 
attention to the main object of tins s\mi)osmm 
You ^Mll heai a short resumd of some of tlie con- 
tributions of our members to the war cfTort 'lln 
subjects chosen ha\e been selected, not because 
factors of particular ph3sioloRical interest wire 
uncovered, but rather because a real contribution 
w as made to the health and efTicicnc} of our forces 
It IS important that the Societi should giie 
thought to these past actu ities and that it should 
decide how far thc3 should be continued in peace- 
time The reports that 30U will hear will not be 
limited to accounts of work earned out under 
O S II D Our members w ere equals concerned 
in working for the Canadian N R C , and for the 
American or Canadian Forces We, as a Socict} , 
are proud of their contributions w ithout regard to 
the channels through w hich the} w orked 
In aggregate the contributions were important, 
though individuall} the advances achieved often 
seemed small They consisted mainl} in the ap- 
plication to practical problems of fundamental 
principles that were already well known to scien- 
tists, but unfortunately unknown to the general 
public or to the services The efforts of man3 of 
our best physiologists were, therefore, expended 
doing chores You will be familiar with the large 
group of first class ph} siologistsw ho w ere occupied 
almost exclusiveb with admimstrative work, 
from Banting, Best & Bronk at the beginning of 
the alphabet to Richards and Weed near its end 
Many of you are probably unaware of the lesser 
chores carried out faithfully by other members far 
too numerous to mention These had the job of 
selling physiological ideas to the sei vices Thc3 
spent their time teaching general principles, 
testing oxygen and other protective equipment, 
devising better test methods, or field modifications 
of test methods, and starting propaganda for the 
development of better equipment The devoted 
services of these men was invaluable It is un- 
fortunate that time does not allow the additional 
inclusion of reports on more fundamental studies 
or on important analytical tools Work of high 
merit w as achieved in spite of the difficult condit- 
ions These receive no direct attention here, since 
for the most part they came too late to have any 
great influence on the efficiency of the troops, 
though they added to our basic scientific capital 
Asexamplesmay be mentioned the beautiful anal- 
ysis of the Motors contributing to “bends” by 


Xew Ion Il'iri ( \ aiulof tin me ( h'lnics of risjnration 
b\ I\allac( I ( im 

I would not h'lii' \ou loncliido that the list of 
subjects, chosen for iircsentstion exhausts even 
the war-time pricticsl iqiplKations of ph3siolog3, 
far from it Let me use a singh illustration Many 
of 3 oil liiu e seen piiblii mo\ les of the “frog men”, 
who did so much to help clear the beaches Equip 
iiiciit was del iscd for these men which allowed 
them to trai cl 01 era mile under water and to stay 
below water for periods exceeding 3 hours Work 
on this problem proceeded in England, and m 
encni3 countries, as well is 01 cr here The equip- 
ment iiltimateh used was, however, little de- 
pendent on team work or even on learning from 
our enemies It resulted almost entirel) from the 
work of one man, Christian Lambertsen, who at 
the start of the war was a medical student He 
developed the equipment, trained the men, super- 
vised their actual operations and in addition even 
persuaded the British to adopt Vmerican equip- 
ment I hope that we ma3 soon bo able to count 
him among our members 
The siioakcrs will review the work in general 
The3 ^>*1' c been selected from the rank and file of 
the civilian workers, if vou will pardon this mixed 
metaphor Neither the main organizers of the Com- 
mittee work nor the large group of service workers 
ire represented, but this in no wa3 implies an} 
lack of appreciation of their excellent work 
The w ar-time research w orkselected for presenta- 
tion is a tribute to magnificent team work The 
machincrv of coordination had to be improvised 
quickh and was often clums3 The will to co- 
operate ov'ercame the numerous difficulties Work 
originating in Canada and Australia v\as de- 
v’’eloped to greater potentialities in the States, 
and American equipment in turn was adapted for 
use in England, Canada or Australia so that it 
coordinated with their alread} existing equip- 
ment In all mv contacts I found Internationa 
scientific jealousies at a far lower level than tie 
pett3'' competitive rivalries that developed e 
tween the various services within each indivi ua 
nation The scientists can pride themselves m 
leading the world in demonstrating cooperation 
Let us see to it that we continue to set sue an 

example , , 

The rapidity of the progress attained dejienae 
on the pre-war existence of a large mass o 
information which could be put to imme la 
application We may take great pride m the exis- 
tence of this scientific capital It is now our u 
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to replenish it bj fresh advances m basic science 
It IS less to our credit that this fund of information, 
capable of being applied practicallj , had not reallj 
been productive before the war We must take care 
that such careless waste of intellectual capital 
does not occur in the future 
While I have little doubt that a on will find the 
presentation interesting, I want jou each to 
think bejond this and decide what contribution 
j ou j ourself can make to speed scientific progress 
in the near future Those of us who are relativelj 
semor have a special responsifaihtj towards the 
younger men The productiveness of these men in 
the w ar has been remarkable To some extent this 
depended on a financial status in war that w'as 
more assured than it is in peace It is essential that 
we make determined efforts to obtain reasonable 
salaries for such men, so that thej can continue 
to devote their whole energy to Science Not onlv 
must thej be able to work, thej must also be able 
to live and multiplj If we fail to provide good 
conditions for the development of such stock, it 
will be a catastrophe for the countrv 


■kgain all of us, joung and old, have other re- 
sponsibilities There appear to me to be 3 major 
ones The first is to extend our basic knowledge, to 
reconstitute our scientific capital and to rise 
above doing mere chores The second is to plan 
improved facilities for contact w ith medicine and 
industrj’, so as to ensure a more rapid practical 
application of new knowledge This second implies 
seeing that the chores are done Doing the chores 
may often not be our job but even so it would be 
better that we should do them, rather than that 
they should be left undone Also the methods 
adopted for obtaining cooperation should be less 
clumsy than were those of the war period The 
third 18 of supreme importance, we must work to 
obliterate national, racial, and individual 
jealousies in science at least, and if possible in 
broader fields We must strive assiduously for the 
pooling of scientific knowledge and the removal 
of all such restrictions that seem to us unwar- 
ranted, so that scientific advances may serve all 
mankind 


HIGH ALTITUDE PROBLEMS IN AVIATION 

A C IVY 

Northwestern Umverstly, Chxcago, III 


We are gathered here to review in a brief w at a 
small fraction of the physiological contributions 
to the solution of w ar problems Although I have 
been assigned the topic of “High \ltitude 
Problems in Aviation”, I am more concerned re- 
garding the future of research in a\ lation phis 
lology than I am regarding the remarkable con- 
tributions already made by phv siological and 
engineering science to flight at high altitude 

The Number One Problem in Avtalion Physiology 
World War II has again proved that the possession 
and apphcation of scientific knowledge is a matter 
of life or death Phv siological knowledge is no 
exception 

It was not an accident that physiology was able 
to pro\ ide the data required for the development 
of oxygen equipment for flight at high altitude and 
to indoctrinate tens of thousands of civilians re 
gardmg its use It was not an accident that 
physiology could contribute to the nutritional 
and environmental welfare of our fighting forces 
Phi Biology was able to make these and many other 
contributions because it had a stockpile of 
knowledge accumulated by patient research on 
apparently academic subjects, and because it had 
well developed speciahzed techmques and several 
hundred trained phy siologists capable of applynng 
successfully their training to new problems This 


was the greatest contribution of physiology to the 
successful conclusion of the War 

The phy Biological knowledge and personnel w ere 
available only because of the support given to 
academic research during peace However, prior 
to the recent war, research m aviation and en- 
vironmental physiology was at a low ebb because 
it was poorly supported As a consequence, time 
was lost m translating physiological knowledge 
and techmques to field conditions and in the 
discovery and development of new knowledge of 
strategical importance 

Time as well as hnowledge will be essential for 
success in the case another emergency rises For 
these reasons I beheve that the number one 
problem m aviation physiology is to find ways for 
mamtaimng research and development m this 
field 

The Solution of the Problem History reveals that 
one cannot be sanguine regarding the solution of 
this problem 

World War I found our ^rmed Forces largely 
unprepared m the field of Aviation Physiology 
Early in 1918 an Air Service Medical Research 
Laboratory was established at Mineola, Long 
Island Though the scientists at this laboratory 
made important contnbutions, the laboratory was 
abandoned in 1920 World War II again found our 



320 


FfiDEI?ATION PROCEEDINGS 


Armed Forces largelj' unprepared in the field of 
Aviation Physiologj Thej would have been com- 
pletely unprepared 8 a%c for <ho con(rilni(ioii80f 
Grow , Armstrong and Heim in the Arm\ , Bchnkc 
and his colleagues in the Na\y, and Hnothhj and 
his colleagues at the Majo Clime 
I have licard men sa^ that this bistort will he 
repeated again, that it will not he long before we 
shall witness the collapse of the woiulcrfullt well- 
equipped physiological laboratories in the \rmcd 
Services, that the salaries off ercd to scientists can- 
not compete with those offered b> unnersitt and 
industrial laboratoiics, that e\isting administra- 
tive conditions in the Alilitarj Establishments are 
not as conducive to research as thei should lie, 
that the scientists required are not a\ ailable be- 
cause Selective Service has prevented tlic iiiin cr- 
sities from training scientists during the War, 
that the scientists, who under the incentne of 
War have contributed so much to aMation, will 
return and are rapidly returning to their former 
research interests, that Congress will soon forget 
the need of the Armed Forces for scientists and 
scientific investigation in the field of Aaiation 
Physiology, and that when military appropria- 
tions are reduced, research development, as in 
the past, will be the first to be radically cut 
These pessimistic predictions point the waj to 
the solution of the problem 
There are current hopeful signs, not prevailing 
after World War I, which indicate that the prob- 
lem may be solved One of these signs is the 
proposed Division of National Defense of the 
National Science Foundation, which is being 
view'ed favorably by Congress This agency, if 
established, should promote coordinated research 
in aviation physiology and aircraft development 
Either this agency, or other agencies in the Armj 
and Navy should also provide for the continuance 
of intensive research in aviation physiology in a 
selected group of Service and Civilian institutions 
This subsidization is necessarj' because the equip- 
ment required is expensive and specialized hly 
experience has convinced me that it is necessarj' to 
conduct research on aviation and environmental 
physiology in both military and civilian labo- 
ratories And, it IS to be hoped that when appro- 
priations to the military services are reduced that 
research and development wall not be starved out 
It IS better to have a small superlatively equipped 
and well-trained standing Army and Navy than it 
IS to have large ones which are poorly equipped 
Another favorable sign is that concern has been 
shown about the alarimng rate of return of com- 
missioned reserve and civilian scientists from the 
laboratories of the Armed Services to their pre- 
war posts and that the difiSculty of recruitment of 
scientists for Service laboratories has aroused 
apprehension 


A Mcw of the British approach to the problem is 
rill igli toning Tlie Bntmli Government has acted 
<0 render a earci r in scientific research in Govern- 
mental laboratorifs more attractive (I) Salaries 
have been substantiallv increased, the rapid pro- 
motion of voungiiu n of merit has licen facilitated, 
scientists of abilitv who dislike administrativ'c 
work mav reenve as much salar> as administra 
tors, and the attendance of scientific meetings 
has been encouragt d The Barlov report to the 
British Government contains some statements 
winch are ]iertinent to the conditions which have 
in tlie past rendered scientific work in the Services 
unattractive For example, “Young scientists, 
ambitious to obtain recognition for their work and 
to keep abreast of new dev elopments, are discour- 
aged from embarking upon a career which appears 
to remove them from contact with Universities, 
with learned societies and with the research side 
of industry ” “We regard it as most important 
that wherev er it is practicable (and itisobviousij 
not alwajs so) researchers, and in particular the 
younger men, should when personally suitable 
remain associated with the dev clopmcnt of proj- 
ects which they themselves have started” I 
should add here that in the U S Services, there is 
not only danger of being dissociated from a par- 
ticular research project, but the greater danger of 
being dissociated from research in general in the 
name of that apparently immutable principle that 
all soldiers should and shall perform all types of 
duty “W'c have gamed the impression from 
various quarters that one of the factors that make 
scientific work in the Service Departments un- 
attractiv e to prospcctiv e candidates is the control 
of civulinn scientific staffs by officers of the Fight- 
ing Services ” In this connection it should be 
pointed out that in the case of both civilian and 
military scientific staffs, the control and the ren- 
dering of scientific decisions is too frequently 
exercised by untrained and non-professional 
admimstrative officers to whom research an 
development constitute the most dispensab e 
function ofamihtary organization Too frequent y 
the admimstrator is unfamiliar wath the ex 
perimental method and the scientific tempera 
ment, he does not know why a scientist is a 
scientist In fairness it should be stated^ t a 
notable exceptions to this criticism exist t is 
urged that the research worker should have within 
easy reach of his laboratory an adequately equippe 
workshop where he can 'get made quicUy sn 
under his own eye or with his owm ban s 
rough and ready apparatus or alterations 
existing apparatus as he requires for the 
diate working out of his ideas ” Thus we see 
our British fellow scientists have taken nr 
positions on the problems that here con ron 
There are no sound reasons why a career 
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research in the laboratories of the Services cannot 
be made ns attractive as a career elsewhere I do 
not mean to imply that outstanding researches 
bare not been performed in the Service labo- 
ratories in peacetime or in the absence of the 
incentive of war and under existing conditions of 
organization But, these could be multiplied by 
improving the conditions 

I hope that another Great War will not occur 
But, if it does It appears certain that our success 
will depend more than ei er on the knowledge and 
equipment developed during the intervening 
period of peace For this reason the establishments 
for research and development in the Army and 
Navj should be well supported and coordinated 
with subsidized research in cixilian laboratories 
If a Great War does not occur, know ledge w ill have 
been gained which will undoubtedlj be applicable 
to peacetime pursuits and the general welfare 
of our people 

Scientific Contributions to and Problems of High 
Altitude Flight During the recent War our knowl 
edge regarding many topics pertaimng to aviation 
physiology was increased However, many ob- 
servations and reports are still "closed”, and I 
am confined to those which have been published, 
the "open” obserxations I have made, and a 
theoretical analysis of certain problems The 
topics which I propose to summarize briefly and 
in a general way are o\y gen requirements, pressure 
breathing, decompression sickness and explosive 
decompression 

Oxygen requirements In supplying oxygen 
several major questions arise The first of these is 

At what altitude should oxygen administration 
start? Prior to the recent War it had been found 
that a significant number of persons manifest 
deterioration of certain \ isual functions at 10,000 
or 12,000 ft (2-4) , an occasional individual will 
show detectable deterioration at 8,000 feet For ex- 
ample, relatively mild anoxia apparently slows the 
rate of dark adaptation (5) For these reasons, it 
has been considered advisable to start oxvgen 
supplementation at 5,000 ft for night and 10,000 
ft for day flight 

For practical reasons it has been important to 
know how long “useful consciousness” wall 
persist after the oxygen supply has been dis- 
continued at high altitudes This has been de- 
termined by removing the oxygen supply of 
subjects at different altitudes and observing how 
long the subjects continued to write a simple 
sentence It was found that an altitude of 26,000 
ft is critical in that none of 49 subjects at this 
altitude were able to continue writing longer than 
15 minutes (7) At 25,000 ft , 2 of 52 subjects were 
able to continue writing longer than 15 minutes 
At 2S.000, 30,000, 32,000, 34,000, 36,000 ft the 
mean period of useful consciousness was re- 


spectively 3 0, 2 4, 1 8, 1 4, and 1 2 minutes (7) 
(table I) The ability to write persisted at 
arterial oxygen saturations greater than 66 per 
cent (range 56 to 66, average, 62 per cent) (8) 
Prox iding for a small margin of safety, seventy- 
fix e per cent saturation is the lower safe limit for 
voluntarily directed movement (8) 

Another important question arose when the 
device for regulating the oxygen supply was being 
developed This was What is the optimum mixture 
of WO per cent oxygen and air at levels up to the 
altitude at which the aviator should breathe WO 
per cent oxygen? From the viewpoint of decom- 
pression sickness, 100 per cent oxygen should be 
breathed from the ground up From the viewpoint 
of the conservation of the oxygen store in the 
plane, oxygen should be mixed with air until an 
altitude 16 reached at w Inch 100 per cent oxygen is 

TABLE I 


Time of exposure at altitude required to produce 
critical symptoms of anoxia (7) 


ALTITUDE 

PEBtOD OF USEFUL 
CONSaOUSVESS ’ 

NO OF SUBJTECTS 

VO 

msnuits 


20 000 

1 40% of group 81)11 writing at 15 mm 

25 000 

4 5 j 

52* 

26 000 

3 7 

49 

27 COO 

34 j 

55 

2S OCO 

3 0 

52 

30 000 

2 4 

49 

30 000 

2 1 

123 IS) 

32 OOO 

1 8 

49 

31 000 

1 ^ ^ 

51 

35 000 

1 2 

73(8) 

36,000 

1 

42 


* Ttto raen stiil 'nritme at 15 mm Hate of ascent to altitude 
was 2 000 ft /mm with Oj b> demand regulator from 10 000 ft 
up (7) and (8) refer to the authors 


required to maintain 95 per cent saturation of the 
arterial blood 

This question is readily answered by using the 
alx eolar equation The results of the calculations 
are shown in table II for the maintenance of an 
alveolar pOj equivalent to sea level and to an 
altitude of 5,000 feet There are no published data 
showing that these calculations do not apply^in 
practice 

The data in table II and table III show that 
breathing pure oxygen at 33,700 ft at ambient 
pressure reproduces an alveolar pO. equivalent to 
sea level Above this level pure oxygen will not 
yield a normal alveolar pOj At an altitude of 
39,700 ft , the breathing of pure oxygen at 
ambient pressure yields an alveolar pO* equivalent 
to 10,(XX) ft breathing air Breathing pure 0- at 
46,800 ft 18 equivalent to breathing air at 25,000 
feet 
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Thus, if an alveolar pO; ctiui valent to 10,000 
ft breathing air is to be maintained aboie an 
altitude of 39,700 ft the alveolar pO numt he 
increased above that obtained bv brcathiUK pure 
o\ygen Above 39,700 ft the alveolar jiO-. can 
only be increased bv hj perv cntilating with pure 
oxygen oi bj breathing oxygen under jiressiirc 
The latter is obviousl} preferable uji to that 


TABLE II 

ShowniQ llic Oxi/Qcu coutevt of the 2}i*iptTCtl (ttr 
required to maintain an pOz equivalent to \cn 


level and an altitude of 6,000 ft 


ALTITUDE 

SFA Lr\l L 

EQUIN ALFNT' 

SOOO FT 

I quivalfnt 

St 

%o, 

%o. 

0 

21 0 

17 2 

5,000 

25 6 

21 0 

10.000 

31 3 

25 7 

15,000 

38 8 

31 9 

20,000 

48 8 

*<0 1 

25,000 

62 4 

51 3 

30,000 

81 2 

60 7 

35.000 

108 7 

89 0 


Formula for aca lev cl % O = v loo 
B-iO 


Formula for 5 000 ft % Oj = ~ X tOO 
Ji*42 

At 33,700 ft 100% 0 la the aea lev rl equivalent 


TABLE III 


BREAXnlNO 

AIR 


Alt 


0 

2,500 
6,000 
7,600 
10 000 
12 600 

15.000 

17.500 

20.000 

22.500 
26,000 


Bar Pr 


760 

694 

632 

676 

623 

474 

429 

387 

349 

314 

282 


RQ 

UXSTEADV STATE 

Alveolar composition 

pO 

pCOi 

pHtO 

0 85 

104 1 

40 0 

47 

0 85 

90 3 

40 

47 

0 85 

77 3 

40 

47 

0 86 

66 3 

39 5 

47 

0 88 

57 5 

38 5 

47 

0 92 

50 0 

37 0 

47 

0 97 

44 4 

35 

47 

1 05 

40 0 

32 5 

47 

1 13 

36 2 

30 0 

47 

1 24 

32 7 

27 5 

47 

1 36 

29 6 

25 0 

47 


dreathisc 

100 % 


0 Bar 

Pr Alt 

191 

1 

33,600 

177 

3 

35,200 

104 

3 

36 800 

152 

8 

38 300 

143 

0 

39 700 

134 

0 

41,000 

126 

4 

42,300 

119 

5 

43 400 

113 

2 

44,600 

107 

2 

45 700 

101 

G 

40 800 


Kuove«n,uuuit breathine Durp n 

18 equivalent to 2000 ft abov e aea level Above 33,700 ft! 100% O 

vv ill not giv e a normal alv pO, » /o vi 


amount of pressure which harmfully impairs 
venous return 

Pressure breathing The breathing of oxygen 
under pressure greater than the ambient pressure 
IS called pressure breathing This procedure was 
used therapeutically before the War (9-11) for 
the treatment of various pulmonary conditions 
such as pulmonary edema, asthma, pneumoma’ 
and bronchitis ’ 


ITcssiiro breathing raises alveolar pO; theoreti- 
cal!} on!} liv increasing lota! prcssuri Thus, the 
gain in altitude is c(|ual to the decrease in pressure 
altitude in tlio dust The altitude gams, cal- 
tiil'ited for diffirent jirissiires, art shown in 
table I\ riio tluorrtical ceding under the con- 
dition of breathing pure ox}gcn under 188 mm 
Hgimssure and h}|)erv(ntilation to d( crease the 
alveolar pC 0; niav be calculated as follows 
(pH O) J') (( hristii and Loomis) + (pCO*) 15 
(rt quins marked toh r nice to hvpervcntilation) 
+ (jiO-) 3S f((|uiva!enl to 18,000 ft ) eipials 98 
mm llg, ns mm llg minus IS S mm Ilg pressure 
above ambient i quals 79 2 mm Ilg, which is 
equivalent to 52,000 feet 
Theoreticallv there arc two jiossiblc ways to 
mere ISO the mtaii pressure in the lungs One is 
to apph) ihi pn siun cnntinoushj througliout the 

TABLE IV 

'I hcorclical gain in ceiling by breathing Pure Ot 


abate ambient pressure 


rRFSSUkf USI D 

vsoxiA roniVAtrvT 
TO 10,000 rr 

ASOXIA FQOTVALE'TT 
TO 1 5,000 rr 

Inches 

HtO 

Mm Hg 

Un»tea(l> 
State Mai 
Altitude 

Gain m 
Altitude 

Altitude 

Cam la 
Altitude 




ft 

// 

ft 

0 

0 

39 700 

0 

42 300 

0 

4 

7 5 

40 000 

1,200 

43 600 

1 200 

c 

11 3 

41,500 

l.SOO 

44 200 

1,900 

s 

15 0 

42 200 

2 500 

44 900 

2 600 

10* 

18 S’ 

42,800’ 

3,100 

45 000 

3 300 

12 

22 6 

43,500 

3,600 

46,400 

4 m 

14 

26 3 

44 200 

4 500 

47 100 

4,800 

2G 

30 0 

44 900 

5 200 

47,900 

5,600 


* Example, using table III for 10,000 ft (pH-0) 47 (pCOi) 
38 5 -(- (pOj) 67 6 «= 143 0 mm Hg — 18 8 mm Hg (Pressure 
Breatliing) *= 124 2 mm barometric pressure, or 42,800 ft 


lespiratorj cjcle The othens to opp/yf/ie pressure 
intermittently, having the highest pressure occur 
either during the inspiratory portion of the cycle 
or the exquratoiv portion of the c}cle, or the 
inspirator} portion of the c} cle may rise rapidly 
to a peak and the expiratory portion fall over a 
prolonged period The theoretical difficulty wath 
the intermittent method is the danger of excessive 
hyperventilation The abnormality inherent to 
the use of both methods is interference with 
venous leturn, this should not occur to a harmful 
extent w ith mean pressures of less than 12 to 15 
mm Hg 

Doctor Gagge, vv ho pioneered the application of 
pressure breathing to the gaming of altitude, has 
used the method of continuous pressure, which 
was adopted by the A A F Gagge, Allen and 
Marbarger (12) have reported their experimental 
results The} have found that breathing against 
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1 continuous pressure of 15 mm Hg (8 in H;0) 
IS tolerated "bj nearlj all normal and trained 
individuals” Breathing against such a pressure 
at 45,000 ft has resulted in blood o\i gen satu- 
rations equivalent to those found in subjects 
breathing air at 15,000 feet This approvimates the 
theoretical calculations shonn in table IV 

Pressure breathing is obnously phjsiologicallj 
abnormal and subject to limitations But, it 
should be pointed out that the resistance to 
evpiration is felt much less at altitudes above 
35,000 ft than it is at ground The phjsiological 
data collected on pressure breathing during the 
IVar in various laboratories, here and abroad, will 
be found to be most interesting when published 

Decompression sickness A tremendous amount 
of data has been collected on the subject of decom- 
pression sickness The Amencan data mil be 
presented in the form of a book under the editor- 
ship of Doctor Fulton I am informed that the 
data from the British and Canadian laboratones 
are also being prepared for publication The data 
maj be grouped pnmanly into four categories, 
namely, (a) the mechamsm of bubble formation 
and the cause of decompression sickness, (b) the 
symptoms, (c) the factors ivluch influence sus- 
ceptibility, and (d) the problem of preselection for 
susceptibility to “bends” and “chokes” 

The mechanism of huhhle formation and the cause 
of the sjTnptoms of decompression sickness has 
been studied particularly by Nen'ton Harvey (13), 
Whitaker and Blinks (14), and Gersh (15) and 
their colleagues Their observations confirm 
the previous view, which has been summanzed 
b> Harvey (13) as follows “Some details remain 
to be filled m but on the whole the etiologv of 
decompression sickness can best be expressed by 
one word — bubbles ” The bubbles are located 
pnmanly on the venous side of the circulation, 
and in the tissues Ferns and his colleagues found 
early that the artenal blood is rapidlj cleared of 
nitrogen follomng the inhalation of oxygen At 
altitude, exercise and muscular tension as first 
emphasized bj Ferns and his colleagues (18) 
markedly facilitate the formation of bubbles 
Cleanng the body of nitrogen before ascent pre- 
vents their formation (13) It is not surpnsing 
then that demtrogenation or the removal of most 
of the one liter of gaseous nitrogen in the human 
body, a procedure used by Behnke in 1937 (16), is 
the most practical method for preventing decom- 
pression sickness 

Haney , McElroy and their colleagues (20) have 
emphasized the importance of carbon dioxide in 
the initial growth of bubbles in the cat, pointing 
out than an extreme reduction in carbon diovde 
concentration would increase the degree of 
mechanical tension necessary for bubble for- 
mation This appears to hold also for man, since 


hyperventilation to the point of tingling and 
carpopedal spasm in human subjects defimtely 
decreases the seventy of “bends” at 40,(X)0 ft 
(21) (See Table V) 

The symptoms which result on exposure to high 
altitude are many and vaned However, in the 
altitude chamber the chief causes of descent in 
order of their frequency' are “bends” (73 per cent), 
“chokes” (17 per cent) and abdonunal gas pains 
(13 6 per cent), as determined by a studv of 852 
cases of forced descent (17) 

The symptoms are not uniform in seventy At 
least three grades of the seventv of “bends” occur 
at altitude, that w hich disappears at altitude, that 
which persists but does not cause descent, and 
that which causes descent from incapacitation 
“Chokes” are less likely to disappear at altitude 
Descent is the specific treatment for “bends” 
and “chokes”, though disturbing symptoms may 

TABLE V 

Showing effect of hyperventilation on the descent 
rate due to bends and chokes 
40,000 ft for 1 hr without exercise, 50 subjects in 
each group 



A 

B 

C 

B + C 


Control : 
Group 

Vol 

Hyper | 
vent 

Meehan 

Hyper- 

vent 



No 

1% 

No 

1 % 

|no 

1 

No 

1 % 

Total Symptoms 

Total tolerable bends 

25 

1 

56 

22 

i 44 

19 

38 

4t 

41 

and chokes 

Descents from bends 

is 

36 

18 

! 36 

16 

32 

34 

34 

and chokes 

10 

1 20 

4 

8* 

3 

6t 

7 

7t 


• Chi Square “ 2 99 (p = 0 03) 
t Chi Square » 4 33 (p =» 0 037) 
{ Chi Square => 8 9 (p « 0 0028) 


occasionally persist, recur, or even occur no 
descent (17) 

The exact site of the stimulus causing the pain 
of “bends” is uncertain, even though numerous 
x-rav studies have been made According to our 
(24) observations, similar amounts of gas may be 
present about the knee or wnst joints with pain 
in one knee or wnst and not in the other Or, pain 
may occasionally be present in a joint wuthout 
there being x-ray evidence of gas However, 
statistically speaking, gas in the fat or fascia 
about the joints or between muscles is associated 
with pam Some individuals have “cntical foci”, 
or areas m which pain in association wuth x-ray 
vnsible gas alwavs occurs The pain is frequently 
very severe, and moderate doses of analgesics, 
including 15 mg of morphine sulfate, have little 
effect on the incidence of descents due to bends 

“Chokes” is apparently associated with bubbles 
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m the aitcnolcs of the pulmonary nrlerj , ic , 
pulmonarj' aeroembolism In man, enlarKemcnt 
of the right heart has been rejiorlcd to oceur in 
“chokes” (25), and a\c (21) ha\c one roentgeno- 
gram showing enlargement of the nm\imum 
transverse diameter of the heart in a subjed with 
“chokes” 

1 number of facto) s prcdispo'ic to the occurrence of 
bends The cause of the rather marked \anation 
in the susccptibilitj of indiMduals of the same 
age, sex and obesity is unknown 

In ayouthful popul ition homogeneous as regards 
age and sex, altitude and exercise (IS, ISa) arc 
the most important factors The descent latca of 
two-hour flights at 33,000, 35,000 and 38,000 ft 
when plotted against the altitude jielda a linear 
relationship (17) When a mild exercise is added 
(5 deep squats and 5 push ups from side of altitude 
chamber), the descent rates at the various al- 
titudes including 30,000, 27,000 and 23,000 ft 
increase in a linear manner, and the altitude 
threshold is decreased to an altitude of 23,000 ft 
This threshold approximates Haldane’s (19) 
estimate from his study of divers, that bends 
should occur at an altitude of 21,000 ft (a change 
from 2 25 to 1 atmosphere, or, 1 to 0 *14 = 21,000 
ft ), since his subjects ascending from high pre- 
sure to sea-level w ere exercising 

It has been established that factors other than 
altitude and exercise influence the incidence of 
“bends” and “chokes” For example, observations 
made in aero-medical units show that the incidence 
of bends IS related to the blue o/ day The incidence 
is greater in the morning than in the afternoon 
and evening (22, 23) The explanation of this is 
not clear, though a circulatory factor has been 
suggested The incidence of bends vanes month bj 
month for some unknow n reason and does not ap- 
pear to be clearly related to the Season (23) 
The composition of the diet is not a significant 
factor, though a very high protein diet predisposes 
to bends (24) As age, weight and linear density 
increase, the incidence of total and unbearable 
bends increase (23) Race and nationality appear 
to be factors, since the rate of descents observed 
by one aero-medical unit of the Army was greater 
in Amencan whites than negroes and less in 
French than negroes (23) The incidence of bends 
and chokes also vanes wuth the amount of demtro- 
genation which occurs dunng ascent to altitude 
Fifteen minutes of breathing of pure oxygen before 
reaching an altitude of 23,000 ft is definitely effec- 
tive in reducing the descent rate in the absence of 
exercise (17) 

The preselection of personnel for susceptibility to 
6ends and chokes is a difficult problem Early in the 
War it w'as assumed that one “pass or fail” ex- 
posure to altitude would be adequate This was 
soon found not to be valid because it was based on 


(he fidso nsmimptioii that an individual was cither 
oomiilitclv risistnnt or completely susceptible 
Since then, a large amount of work has been done 
bj Canadian aiul tmi ncan laboratoncs to find a 
reliitivih acrurati and jiraitical method of pre 
selection 

Since individuals varv in regard to sut^eepti- 
bilitv , t lu matti'r of jm selection is a statistical or 
ijetiianal iirobleni It can be solved either bj e\ 
posing in individual rc [leatedlj so as to determine 
his mean sustc jilibilitv or bv determining the 
mean siisc ejitibilitv of a large group to a standard 
IlighI I’ri dietioii't ba«ed on the results of a 
standard flight would be more reliable if the 
standard flight jirovided a mean siisccptibihtj of 
50 jier cent for a large homogenous group The 
results of the standard flight c ould then be used to 

T\RLE VI 

Showing the selection obtained by exposing a group 
of too sidijccts flic times 

Seated at 38,000 ft for 3 hrs , rate of ascent 4000 


ft /min 


1 TOT VL 

IprscEsTs ims tlicitt 

IRFMOIS rUCHTS 





crscE so 

\o 


No 

Ratc‘'c 

First flight 

Tolal 

100 

j 100 

30 

30 

Fifth flight 

0 

40 

40 0 

4 

10 0 

1 

20 

2S 0 

4 

13 S 

o 

15 

15 0 

G 

40 0 

3 

11 1 

11 0 

7 

63 6 

^ i 

^ i 

5 0 

4 

SO 0 

Total 

100 

100 0 

25 

25 0 





, ■ 


On the fifth flipht the descent rate for the ervup “ 

whereas the descent rate for ttie 40 winch had passed 4 1® 

was lO'T) 


divide a population into groups and to test t e 
reliability of other selection procedures 
might be more practical Unfortunately a standar 
flight with a mean incidence of 50 per cent was no 
defined and established dunng the War, 
observations w ere made using many different flig 
conditions 

An example of how the exposure of the some 
group to the same flight eonditions five times 
seleets the most resistant and the most sus^ 
ceptible groups will be given A ^ 

100 subjects were exposed seated to ’ 
ft for 3 hours, having ascended at a ® 
4,000 ft per rmnute The rate of 
all causes was 30 per cent during the first i 
Dunng the fifth flight, only 4 or 10 per cen o 
40 that had passed four fhghts had to esce > 
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whereas 24 or 24 per cent of the entire group of 100 
subjects had to descend Thus, by selecting from a 
group of 100 subjects a group of 40 subjects who 
had not descended dunng four exposures, the rate 
of descents had been reduced from 25 per cent for 
the entire group of 100 to 10 per cent for the se- 
lected group of 40 (table VI) Unfortunatelj a 
reliable substitute for the procedure just cited has 
not been found 

It would appear that a combination of preoxj - 
genation and elimination of the most susceptible 
bj preselection is the most certain and effective 
method to prevent bends at altitude ii hen physical 
isorkis required 

Comment When one considers the numerous 
problems of flight at high altitude, such as mask 
leaks, failure of oxj gen supplj , the limitations of 
pressure breathing, the occurrence of “bends”, 
“chokes", and gas pains, the pressunzed cabin is 
the obvious solution Hon ever, when the cabin 
loses pressure from enemi action or an accident 
at an altitude of 42,000 ft or above, the problems 
listed arise as an emergencj In addition, the use 
of the pressunzed cabin gives nse to another prob- 
lem, namely, “explosne decompression” 

Explosive decompression The distinction be- 
tween a rapid and an “explosive” decompression 
has not been clearlj defined When “explosne 
decompression” a as first considered by Armstrong 
(26), he assumed “that within a reasonable period 
of time airplanes would be developed which would 
climb at a rate of approximately 5,000 ft per min- 
ute " He then defined “explosne decompression" 
as “all rates of decompression greater than those 
which would occur dunng such an actual rate of 
ascent ” At present, anj rate of decompression 
greater than 5,000 ft per minute from a stated 
altitude is referred to as “explosive decompres- 
sion” In time, the expression mil probablj be 
defined on the basis of pounds per square inch per 
second, or more preciselj as a fraction of the func- 
tion of the factors concerned in producing pul 
monary damage 

Behnke (27) and Polak and \dam3 (28) in 1931 
reported two fatalities from rapid decompression 
dunng a study of the use of the “Momsen lung” 
which was being used for escape from submannes 
Hemorrhages in the lungs were found Behnke ex- 
plained the accidents as due to a too rapid rate of 
decompression which prevented equilization of 
the intrapulmonic pressure with the external pres 
sure On the contran , Armstrong (26) as the result 
of expenments on animals and human subjects 
expressed the view that “the effects of ‘explosive 
decompressions' are deternuned pnncipall>, not 
bv the amount of pressure differential, or the rate 
of pressure change, but bv the ultimate altitude 
attained ” 

In studying the vanous factors concerned in the 


cause of damage due to rapid decompression, 
species differences have been found as regards sus- 
ceptibility, the type of damage of the lung, and the 
distribution of the damage between the lung, gas- 
trointestinal tract, and ear Our (30) results on 
rabbits, swine, dogs and monkeys are shown in 
table VII 

The results of a number of studies on ammals 
reported in the literature show that the rate of 
increase tn intrapulmonic pressure is important in 
rupturing the pulmonary epithelium and capil- 
lanes (29, 28) For example, an intratracheal pres- 
sure of 80 to 100 mm Hg, when sustained for 10 
seconds, will cause air to pass into the blood in the 
pulmonary veins (dog) However, a sudden in- 
crease in intrapulmonarj pressure of 80 mm Hg 

TABLE VII 

Species difference in susceptibility to rapid decom- 
pression from ground to 40,000 ft , rate, t, 600, 000 
ft per sec or 404 lbs /sq in /sec 


j 

SPECIZS 

NO 

% EAR 
DAMAGE 

c* 

70 

tXTNC 

DA31AGE 

%1K 

JOTED 

DEATHS 

Rabbits 

12 

1 

S3 

1 

92 ^ 

100 

0 

S^nn© 

19 

■9 

Si 

100 

2 

Dogs 

31 

1 61 

39 

77 

0 

Monkeys 

10 

40 

20 

1 

40 

i » 


There were no injuries of the e>e 


TABLE VIII 

Relation of rate of decompression to lung injury, 
altitude constant, ground to 40,000 ft , dogs 


RATE OT DECOitPOSmON 

NO 

% LUNG DAJIAGE 

1 550 000 ft per sec 

39 


41 

410 000 ft per sec j 

10 j 


20 

225 000 ft per sec 

' ^ 


10 


(1 5 lbs per sq in ) for 1 second in dogs does not 
cause injury (10 dogs), whereas, 97 mm Hg (2 lbs 
per sq in ) for 1 second causes injurj^ in 70 per cent 
of dogs (3 out of 10) and death from pneumothorax 
in 40 per cent (30) \ sustained intratracheal pres- 
sure of 24 mm Hg (32 6 cm HO) produced bj a 
continuous stream of air introduced through a 
tracheal catheter causes interstitial and medi- 
astinal emphjsema in dogs (31) 

Using dogs, we (30) have obtained evidence that 
the rate of decompression, as regards lung damage, 
IS more important than the pressure difference 
through which the ammals are decompressed The 
trends are indicated in tables VHI and IX, though 
more ammals should be used to show that the diff- 
ferences are not due to a sampling error 

■411 of the lesions observed bv us (30) in rabbits, 
swine, dogs and monkevs, were confined to the 
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lungs and cars Ata\ia u as present in some aniinals 
for a bncf period after descent We did not oliscrv c 
paralysis as has been reported bv others Neither 
did we find gastrointestinal rupture and heinor- 
rbage, ^^hlch has been obscr\ed b> soiiic iu\csti- 
gators in rabbits, guinea pigs, and rats (32) 

At rates of decompression up to 1,500,000 ft per 
second, or 464 lbs per sq in per second, ne (30) 
observed in dogs only transient changes in blood 
pressure amounting to 20 or 30 mm Ilg, the elec- 
trocardiograms ncrc esscntiallj normal Mliite 
horn, Edelmann and Hitchcock (33) noted a tran- 
sient drop in blood pressure at rates abo\e 20 
pounds per sq in per second 
During the War many experiments ha\e been 
performed on manj volunteer human subjcels 
chiefly by Smith (32), Sn ccncy and JofTcc (35, 37), 
Hitchcock, Edelmann and Whitchorn (31), Gres- 
sley (32), and Doering and Hornbergor (32) More 
than 1000 experiments have been done on o\ cr 250 
subjects The subjects were exposed to differential 

TABLE IX 


Relation of altitude to lung injury, rale eonslant, 
1,500,000 ft /sec , dogs 


DECOitPRESSlON 

NO 

7o LVXC DAltACE 

Ground to 40,000 ft ) 
Ground to 37,600 ft / 

39 

41 

35,000 ft 

9 

50 

30,000 ft 

4 

76 

25,000 ft 

5 

GO 

20,000 ft 

5 

40 

16,000 ft 

15 

1 

73 


pressures varying from 1 0 to 8 4 lbs per sq in at 
decompression rates of from 1 6 to 200 lbs per sq 
in per second Complications occurred in only 5 
cases Two had mild transient pneumomediasti- 
num, two, temporary “decompression apoplexy”, 
and one, transient substernal pain and dyspnea 
on exercise a few hours after exposure, however, 
in no case was there any permanent effect All 
these cases with complications followed relatively 
“slow” decompression Sweeney and Joffee (37) 
performed 150 experiments in which the subjects 
were decompressed from 10,000 ft to 35,000 ft in 
0 075 sec (Ap, 6 55 lbs per sq in ), or at a rate of 
87 lbs per sq in per second, or 330,666 ft per 
second All subjects had no difficulty in adjusting 
their oxygen equipment In decompressions up to 
53,000 and 56,000 ft , observed by German investiga- 
tors, an immediate and complete loss of sensation 
and inability to think and work was reported to 
occur 


Gagg( nndSwrrne\ (36) ha-ve reccntlj published 
an equal ion whitli is dr signed to define for practi- 
cal purposes tlie safe limits of explosive dccom 
prcssioii Th(3 ronrluded from observations on 
man (hat two jihjsical factors arc the most signifi 
cant in delrrmining the safe limits one is the 
rrlativr expansion of internal gasses (RGE), and 
Ihr olhf r is (he time of the deromjircssion As the 
time of derompression imreases, the expanding 
gasses hav t tune to tsc ajie from the lungs and thus 
(he maximum toltriblc relative expansion of 
g isses w oiihl increase 

'lilt phvsnal and mathtmatical analjsis of the 
probh 111 will not be considered here Such an 
analjsis would indicate that several factors are 
thooretitallj tonterned (a) The magnitude of the 
differential pressure developed across the lung 
wall, which depends on the relative rates of dccom 
prcssion of the cabin and lungs (b) The relative 
expansion of the internal gasses, which will deter 
mine the effectiveness of anj given pressure dif- 
ferential m stretching the pulmonarj walls to the 
fracture point (c) The rate at w Inch the peak dif- 
ferential pressure is applied The elongation of 
elastic tissue requires a finite time A force applied 
verj rapidlj might not give the tissues sufficient 
time to overcome their inertia, and hence the force 
would be more damaging than one which was grad 
uallj applied (d) Vapor pressure, since the gasses 
in the lung arc not drj , adds to the cffcctiv cness of 
a given pressure differential at high altitudes (e) 
The stress strain properties of lung tissue ’ftc 
probablj need more information on this point m 
order to treat the problem more preciselj 

The observations made on “explosive decom 
prcssion” are cxceedingb important It is oh 
viouslj' important to know that j oung adults roaj 
be decompressed from 8,000 to 42,000 ft , or from 
27,500 to 45,000 ft , under conditions simulating 
those which ma} practicallj' occur, and not be 
harmed The determination of the “safe limits 
of explosive decompression are directly appheab e 
to a new problem w Inch has arisen as a result of t e 
development in the field of jct-engine mechames 

A new ■problem It now appears certain t a 
jet-engine mechanics will propel aircraft to a 
titudes and at rates expressed in miles rather t an 
in feet per minute Undoubtedly pioneers wi ® 
found to fly such craft Tins raises the pro 6™ 
of escape and the development of auxiliary sa e v 
devices And, the problem of ‘explosive 
pression” to a pressure altitude of 50,000 ft 
comes only a part of the larger problem of eme 
gency survival m a vacuum” 
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EFFECDTS OF ACCELERATION IN RELATION TO AVIATION 
EARL H WOOD, EDWARD H LAMBERT, EDWARD J BALDES and CHARLES F CODE 
Acceleration Lahoraiory, Mayo Aero Medical Unit, Rochester, Minnesota 


Force as a factor in man's enmronmcnl Although 
this report is entitled, in part, “Effects of accelera- 
tion,” actuallj the discussion is chiefly concerned 
uith the effects of force on man The human body 
18 continuallj acted upon bj the earth’s force of 
gravity and is well adapted to existence in an en- 
vironment with a force of this magnitude How- 
ever, the forces which are brought to bear on man 
by acceleration in high-speed, maneuverable air- 
craft can be many times greater Man’s suscepti- 
bility to changes in his force environment fre- 
quently makes him the limiting factor in the 
performance of his aircraft and in certain flight 
emergencies maj lead to his injurj or destruction 
Travel at high velocity has no effect on an avia 
tor enclosed in his aircraft as long as the speed is 
uniform and the path of flight is in a straight line 
Howe\ er, the flyer becomes immediatelj aware of 
any considerable change in either the speed or 
direction of motion 


If the plane increases or decreases its speed, 
the pilot IS pressed backward into his seat or 
forward into his safety harness by a force which 
IS proportional to the rate at which his speed is 
changed The force in these instances results from 
linear acceleration or linear deceleration If the 
plane increased its speed at a rate of 32 2 feet per 
second per second, the pilot would be pressed 
against the back of his seat mth a force equal to 
that of gravutj Since the force of graxotj is so 
umiersall} appreciated, and can be so readily de- 
termined, it is commonly used as a convement umt 
of force known as a “g umt ” The amount of force, 
expressed in g units, resulting from linear ac- 
celeration or deceleration can be calculated from 
the following equation 

v5- vj 
64 4s 

Vo = original velocitj in feet per second 
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Vi = finni \cIocity m fcot porHCcoiul 
B = distance in mIucU I lie change in speed 
takes place 
g = force in g units 

If the plane, traveling at a constant speed, flies 
in a cun cd path, the aviator is pressed don nward 
into his seat or upward into his safetj harness bj 
a force, the magnitude of which may also he ex- 
pressed HI g units The force in this instance 
results from centripetal acceleration and is coin- 
monlj called centrifugal force It can be calcu- 
lated from the velocity of the plane and the radius 
of turn, according to the follow ing equation 

V* 

® ^ 32 2 r 

V = velocity in feet per second 
r = radius of turn in feet 

An additional type of acceleration, angular ac- 
celeration, occurs when both the speed and the 
direction of travel arc changed simultaneous!} 
Effects which are common to this tj pc of accelera- 
tion — for example, disturbances of equilibrium 
and motion sickness — will not be discussed in this 
paper 

The effect of acceleration on a body is apparent 
as weight The force of gravity gives man the 
weight to which he is accustomed If bj accelera- 
tion man’s force environment were suddcnl} in- 
creased to 2 g, his body weight would be doubled, 
at 3 g it would be tripled, and so on Each of lus 
body tissues and fluids would become correspond- 
ingly heavier and wmuld remain so as long as ac- 
celeration continued 

The effects of the force on man depend, however, 
not only on its magnitude but also on its rate of ap- 
plication, duration and direction Accelerations of 
moderate magmtude (2 to 10 g) produce dramatic 
but reversible physiologic effects in man which 
become fully developed only when the force acts 
for several seconds These effects are most pro- 
nounced wdien the direction of the force is through 
the long axis of the body in either the head to seat 
direction (positive acceleration) or the seat to 
head direction (negative acceleration) They are 
much less w hen the force acts across the long axis 
of the body (transverse acceleration) On the other 
hand, accelerations of great magmtude (more than 
20 g) acting in any direction may produce struc- 
tural damage to bones and tissues even though 
they occur for only fractions of a second The ef- 
fects are pathologic and may be lethal In general, 
regardless of magmtude and duration, the effects 
of force are more severe the more rapid its onset 

Force, therefore, although not usually thought 
of in this sense, is a most important component of 
man’s environment Indeed, a change in man’s 
force environment can produce effects as striking 


ns those produced by changes in temperature, 
pressure or oxy gen tension 

Some of the cirruniBlnneet in which man expert’ 
cnees aecelcralion in nvinlion (table 1) Linear 
acceleration occurs during catapult takeoffs, 
rocket or rocket assisted take offs, forced ejection 
of pilots from lugh speed aircraft and in thr pick- 
up of human beings from the ground by jilsncs in 
flight 

Rccausc the linear acceleration ordinanly en- 
countered in catajuilt and rocket assisted take- 
offs IS small (usually less than ‘I 5 g) (1), of short 
duration and transverse in direction, it produces 
little effect ami tlicrefore has not constituted a 
serious problem It is possible, however, that ac- 
celeration of tins tv lie may become a problem in 
rocket take offs in the future For example, calcu- 
lations based on the speeds which develop during 
the take-offs of the German V-1 robot bomb show 
that an average force of about 20 g must ho de 
x eloped for a period of about 0 5 seconds A force of 

TABLE 1 

Aeronautical mancuicrs tm olving accelerations 
II Inch may produce physiologic or 

pathologic changes 

I Linear nccelcmlion 
t Cfttnpult tatc-olTs 
D Iloctct or roctet a'<.?utc<] take-offd 
C Ejection from niremft 
D Human picl up 
n Deceleration 

A Cra.ihc3, crash InndinRS nnd ditchings 
B Escape from high speed aircraft 
C Shock of parachute opening 
D Shock of parachute landing 
Iir Centripetal acceleration 

\ Escape from spinning aircraft 
B riight in a curved path 


this magnitude would certainly be a hazard i 
human beings w ere ev er to trav el in such missiles 

In certain combat or rescue operations, it is o 
value to be able to pick up a human being from the 
ground by means of an airplane passing m flight 
In this maneuver, the subject must be accelerate 
from 0 velocity on the ground to the speed of t e 
pick-up aircraft The United States Army An 
Forces Aero Medical Laboratory at Wright Fie 
attacked this problem during the war and t e 
studies there led to the successful pick-up of man 
from the ground at aircraft speeds of 130 miles per 
hour (2) To accomplish this, mechamsms were 
devised wherebv the pick-up was accomphs e 
without the development of forces exceeding 

g for periods longer than 2 seconds Man can w 

stand such forces for this short period wn na 
serious consequence . 

Deceleration constitutes a problem in airp a 
crashes, crash landings, ditchings, during esca 
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from high speed aircraft and during the opening of 
parachutes The forces vihich occur in crash land- 
ings of aircraft niaN be extremely high and vari- 
able For example if i plane trax elmg at 200 miles 
per houi n ere stopped in a distance of 6 feet, the 
plane n ould be subject to an average force of 220 
g, acting for 0 01 second Rclativelj little is known 
of the abilitj of human beings to w itlistand such 
forces, although interesting studies in this field 
are now in progress (3) The large number of fatali- 
ties in airplane crashes, and the thousands of 
people killed each j ear in automobile accidents 
are ample evidence of the importance of research 
into injuries produced bj deceleration 

In the earlj part of the war, reports were re 
ceived of injuries due to the forces produced by 
parachute openings at high altitude The Aero 
Medical Laboratorj at Wright Field carried out a 
most creditable im estigation of this problem and 
found that parachute opening shock forces in 
crease with altitude so that, at 40,000 feet, shock 
forces of 40 g may frequently be encountered (4) 
Forces of this magnitude are sufficient to cause 
bodih injurj Solution of this problem has in 
xohed construction of parachutes with opening 
characteristics which decrease the force and the 
dexelopment of procedures which allow man to fall 
safeh to lower altitudes before the parachute 
opens (5) 

Escape from aircraft traveling at \erj high 
speeds ma> be difficult or impossible because of 
the force of the w indblast on the ftj er as he leaves 
Ins airplane At GOO miles per hour, the impact 
jiressure of the slip stream is 921 pounds per square 
foot, w hich to the escaping airman is equivalent to 
a deceleratue force of 30 g The difficult} of escape 
from airciaft under these conditions has led to the 
dex elopment in Gernianx , Great Britain and this 
count r} of two pieces of equipment first, ejection 
seats designed to explode the fl} er out of the plane 
and, second, automatic devices which dcia} re 
lease of the parachute until the airman has slowed 
to his terminal x elocit} 

Centripetal acceleration, the last of the three 
t}pes of acceleration which max produce trau 
matio or ph} siologic effects m man, is usuall} en- 
countered in aircraft during spins or rolls and dur 
iiig turns and pullouts from dix es 

In large aircraft, spins usuallx occur as a result 
of structural damage to the jilane It has been 
found that during spins forces of such magnitude 
nia} dex elop that escape of pilots and crew max be 
difficult 01 impossible, all occupants of the aircraft 
being immobilized bx their increased weight 
which in turn is due to the forces geiierittd 
bx the spin (6) Studies hue been carried out 
which eiiijihasizo the need for in explosix e or other 
mechanism wherein the occupants of spinning 
planes c in be expelled from their aircraft (7) 


Centripetal acceleration arising during normal 
flight in a curved path is the most commonlx ex- 
perienced acceleration in aircraft As a result of 
this acceleration occupants of conventional air- 
craft ma} be exposed to centnfugal force in 
either thepositixe (head to foot) or negative (foot 
to head) direction With present aircraft, the 
forces developed ma} var} from a negative 4 g to 
a positive 12 g and may be from less than a second 
to several minutes in duration When such forces 
are sustained for more than 3 to 5 seconds, the} 
may produce startling physiologic effects The 
imposition of these effects on the pilot is often the 
limiting factor in the performance of the aircraft 
and in the offensive and defensive combat tactics 
to which the pilot can appl} his aircraft 
The pilot experiences negative acceleration 
when he performs maneuvers with his plane in the 
inverted position, such as inverted turns and out 
side loops His tolerance to centrifugal force acting 
in this direction (foot to head) is low At 3 g he ma} 
experience pronounced discomfort m the head, 
reddening of vision (“redout”) and, sometimes, 
persistent headache Tactics involving the devel- 
opment of force in the negative direction have not 
been general!} used and, as a result, the ph}sio- 
logic problems involved hax e not received exten- 
sive investigation, although important observa- 
tions have been made by workers at the RCAF 
centrifuge Toronto, Canada 
Positix e acceleration occurs during normal flight 
m banked turns and during pullouts from dives 
When exposed to accelerations of 5 g or more 
acting in this direction (head to foot), most pilots 
suffer loss of vision (blackout) or unconsciousness 
(8) Since positive acceleration is unavoidable dur- 
ing tactical maneuvers in modern fighter aircraft 
it has been of great practical importance and has 
demanded continuous stud} b} ph} siologists dur- 
ing the war The problems which confronted the 
ph} Biologist can be resolved into two questions 
first, what are the medical and ph}sioIogic con- 
sequences to man of exposure to positive accclera 
tion, and second, how can these effects be pre 
vented^ The remainder of this presentation will 
be devoted to studies on man which were designed 
to answer these questions Few references w ill be 
made to work published in the open literature 
P'lor to 1943, since this has been adequatel} re- 
viewed ind discussed in the general articles and 
handbooks published b} Ruff and Strughold (1) 
1939, xon Diringshofen (9) 1939 Grow and Vrm 
strong (10) 1941 and Ham (11) 1943 

The hiitimn ccnlnftigc Lari} studies of the ef 
fects of centrifugal force on man were carried out 
in aircraft but in order to make observations 
under accuratolv controlled conditions it was 
necessarx to reproduce the centrifugal force of 
flight in the laboratorx This required the con 
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sluipfioii of Juimin rc'ii(iifun( of (lie t\i)( sliowii 
III (igvuo 1 lliis IS (lie ^IlO'^( kk'iiIK (oiisliiutnl 
Iiumm cpiiliifugo in tlu* Onitod Si lies .intl is lo 
cited it tlio Unnoisiti of Smillicin Cdifoinii iii 
Los \ngclcs Tilt sulijct t sits nl llit pt riiilit r\ of 
the contiifugc, in i c di, fat ing in tin diititionof 
lotition The ( d) swings oulwaid during lot ilioii 
of the tcntiifugo, so til it tlie i esnllant font is in 
the direction fioin head to se it of iht sulijei I 'J In 
obseivct sits iieni tlie (tnloi of tlie eenlnfiigt 
Itlodoin centiifugos sitt Ii as tins t in siiniil ite llit 
pitteins of (entiifiigal foitt wliitii ottiir in air 
craft Earliei human (tnlrifiigts did not ind 
mini of the ti it i oht iiiit d fioin tin in wi re not nj) 
plicible to tiie jiilot in ins iiiti ifl hilt iinjioi 
tant pionceiing effoits weie t iriied out in (ttr 
man> (12),^^Hght I'leld (IL and Vustrnlia (If) 
the fiist modem tentnfugt wlntli siiisf u torih 


sligtsofiln w ir indit lit I In imjiorl nut wliirli 
w IS pi It I d on tin probh m of 1 1 nl rtin t d n relt ri 
lion 111 our own mdil ir\ b nit rs ami b\ the fJer- 
ni'iii high I ommaiid 

I h< tjfirh of riiihifitiinl Jorr> on iiinii The ef 
ft ( Is of ( ( nl rifiigal fort < on man irt tin re'^llIt of 
tin ini ri ist d wright of tin tissuts of tin bodi 
whithlin fort I jiroiliii/s Smtt blooti is the most 
niobili lisstii in tin bod\ tin t irilnuast uhr s\s 
It III IS t \| rt nn l\ siist i pl ibit to t haiigt s m min's 
foH f f 111 ironnn nl 

1 In iffttlsof fort f tin Iht hi tlrtislilit pressure 
ilifiirtints in mins lastulir si sit m arc shown 
tliagr immilit dli in figure I Iht ortiin ties on the 
left show hitlroslaltt jiri ssurt m iiiillinitters of 
nti'riiiri uni, on tin right irti rial Jiressiire il'o 
in mdlimi ti rs tif mi rt iiri f lit first figure shows 
the iiiragt jiositnm of Iht fiilof in m Vnierinn 



Fig 1 Human centrifuge it Umi ersiti of Southern Ciliformi in I.os \ngelos 1 he subject sds m the 

gondola or cab It the pel ipheij inti the obseri er it tin center The centrifuge is opented from the con 

trol room, one wall of which is piovidcd with a lirge gl iss imicl looking into the centrifuge room This 
gives the opezator i satisfaetoij view of the cciitiifugc it ill tiincb 


duplicated conditions of flight was put into opeii- 
tion at Toronto, Ontano, Canada, in 1941, b\ the 
Royal Canadian Air Foi cc (15) Otliei modern cen- 
trifuges were then built in the United States in 
1942, by the Mayo Clinic and IMajo Foundation 
at Rochester, Minnesota (fig 2) (lG),in 1943, bj 
the Army Air Force at Riight Field (fig 3) (17), 
in 1944, at the iMedical School, Univeisitj of 
Southern California in Los Angeles (IS) undei the 
joint auspices of the Office of Scientific Rescaich 
and Development and the A’ational Reseaich 
Council, and, m 1945, a human centiifuge was put 
in operation bj the Naval An Foicc at Pensacola 
What would ha\e been the most recent of modem 
centiifuges was under construction at Templehof 
Airdiome in Berlin w hen that city w as captured 
the Russians The fact that these i esearch facili- 
ties i ere being extended, even duiing the closing 


fighter pi me Tiie second figure is a schematic dn^ 
gram of his cardioi ascular si stem at 1 g ^ S > 
can bo predicted rougbh on the basis of the weigi 
of the blood and the lorticil dist nice between f c 
iiinous pirts of the bodi tint if arterial picssure 
wcie 120 nim of mcrcuri at hcait level, it 
be about 96 mm of mcrcur3 at head lei cl and ' 
mm of mercurj at the heels \t5gthewcigi o 
the blood would inimediateli increase fi'C 
and a five-fold increase ii ould result in hi drost*^^ 
piessuie differences in the vascular si stem 
suming the maintenance of 120 mm of 
heart level, the pressui o at the base of the i 
11 ould be 0, 11 bile at the heels it w ould 
of mercury Thus, at 5 g, a piessuie of 12 
nieicur3’^ is required simpL to lift the b oo r 
the lieait up to the head and, on the venous 
a pressure of 250 nini ofineicui3 would bcicq 



Fig 2 Human centrifuge stripped of recording equipment at Acceleration Laborator) , Jlajo Aero 
Medical Lnit Control room oierlooking centrifuge is not shonn 



Fig 3 numaii centrifuge of Lnitcd States Arm\ Air Forces at Aero Medical Laboratori , Wright 
Field 


I rom these consider itions it is c\ ideiit that the blood pressure changes and in turn to the effect of 
abihti of man to withstand acceleration is pri these changes on blood flow through the cie and 
inanli dependent on the cardim ascular sistom the brain 

The ncnoiis siteni is secondarih imohed for From the outset the major requirement for a 
although disturlunecs of Msiou and consciousness satisfacton attack on the problem was the 
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tlovcloi)inoiit of instmnK’iils wIikIi would locoid 
(|uuitit itnol\ tlio ( ii(lio\ i‘-( uliii \iiiiilionM m 
iiuu (luiiiit!; tliiiugiuf; (i; Most ])li\ smlo^iu it 
( oitliiig oquipiiK'ut o])('r ill's uiiii lt(l^ oid\ uiiilt r 
i tonsliinl ( n\ 11 oniiu'iit il font of 1 g ind is not 
satisfiK'lon undt'i t ondit ions of i t !i inging fort t 
cnviroiiniont llt'iup n(^ll^ ill luinian 1 1 nt i ifugi' 
iiistruinonts hid to he d(\(lop(d spitilitulh for 
use m a (cntiifiigt \s i it suit of t out nluilions 
madoin illllio ici pIoi ation 1 ihoi iloiitsoff iii'iihi 
and the I nilccl St lit s it is now iiossdih lornonl 


I hi siiIijmIui \ imii il ( h ingi -- and loss of I on 
s( loiisni ss protlui ( d III man li\ siiddt n t \posur( to 
poMilui at 1 1 h rat ion w I rt apprf t inti d ht fort the 
niKtiil tif lilt moiltiii liiini'in itiilrifiigt Siutlirs 
on lilt iinlnfiigt howi\tr havt allowttl tlirir 
nittit ait matt ilisiription ( 2 h _")) anti lin\i ton 
tliisuih til monslialt il tliil lhi\ irt rtsirltsof 
t hangi s 111 Mood pi t s-,uri it hi ul It v 1 1 (I'l 2 'l ^fli 
1 hi siidili n lilt ri isi in wi ighi of tin Mooil roast 
i|iii nt to I siiosiirt to I f III rifiig d font imlialtsa 
tltlinili sitpnnii of |)h\ snilogii imiiIs in iiim 



Fig 4 Diagiammaticrepicsentationof Ihclndiostalirniessuicsiiitho'i ist ular s^ stem of a man m 
the sitting position at 1 g and at 5 g 

continuously and simultaneoush , duiing foicc 
enviionniental changes of 1 to 10 g, man’s ai tonal 
blood pressuie (19), the blood content of his eii 
(20-22), his eai volume pulse (23), his electiocai- 
diogram, his heait rate (24), his lespiiation, his 
inti a-abdominal pi essui e (25) and his i eaction time 
to visual and auditoij stimuli Studies ilso have 
been made in which electio-encephalogiams, 
roentgenogiams and letinal potentials have been 
lecoided Besides these, acceleiation is loutineh 
lecorded and motion pictuics of the subject aie 
often taken 


(31) Those have been obsei ved in man^ liundrc ® 

of subjects and have been found to be 
uniform The sequence can be divided into two ts 
tinct pciiods an initial peiiod of progressi'O 
uie followed bj a pel lod of compensation 

Tlie sequence can best be illusti ited 
ence to the phj'siologic lecoi dings made 
e\posuie of a noimal subject to 4 g foi 15 seco 
(hg 5) The aiteiial pressuie was measure 
punctuie of the ladial aiter 3 , with the wiis s 
ported at the level of the head Duimg tie 
seveial seconds aftei onset of the force, t le P 
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sure fell progressn eh to 20 mm of mercurj Then 
some recovery occurred When the force was ter- 
minated, the blood pressure returned to its 
original level Correlated w ith the changes in ar- 
terial pressure w ere changes in the heart rate, ear 
pulse, blood content of the ear and the subject’s 
response to light signals placed in his peripheral 
fields of vision 

In all normal subjects so far tested, commencing 
with the onset of the force a progressn c failure 
occurs There is decrease in arterial pressure, in 


at the moment of onset of the centrifugal force, 
the resulting pressor reflex does not become effec- 
tive for 6 to 10 seconds after occurrence of the ini- 
tial stimulus 

On the average, systolic pressure begins to re- 
cover 7 seconds after the force has exceeded 1 5 g 
Recovery of amplitude of the ear pulse begins 
simultaneously Recovery of the blood content of 
the car starts about 2 seconds later and slowing 
of the heart rate about 3 seconds later If the re 
covery of arterial pressure is sufficient, vision also 



Fig 5 bequence of phjsiologic events during exposure of normal subjects to 4 g for 15 seconds In this 
and subsequent similar records the \ ertical white lines are 6 seconds apart The bottom black line show s 
the magnitude of the centrifugal force Notice the initial period of progressn e failure during which, in 
order of occurrence, there arc decrease in blood pressure at head lea el, increase in heart rate loss of blood 
from the car reduction in amplitude of the pulse in the car and failure of peripheral vision, then notice a 
period of compensation during latter halt of exposure in which blood pressure at head level rises, ear 
pulse recoi ers, blood returns to the ear, heart rate slows and a ision is restored 


rrease in heart rate, decrease in blood content of 
the car and decrease in the amplitude of the ear 
pulse Finally failure of Msion occurs In the il- 
lustratnc instance (fig 5) peripheral aision was 
lost after a characteristic latent period of C 
seconds Central vision was maintained Seaeral 
seconds after onset of the force, some compensa- 
tion occurs Rocoa era of arterial pressure is gen- 
eralh considered to be due to pressor reflexes ini- 
tiated ba the fall of arterial pressure in the carotid 
sinus Vlthough pressure in the carotid sinus falls 


IS recoacred caen while centrifugal force is con- 
tinued 

The fall of arterial pressure at the lev cl of the 
head is proportional to the magnitude of the cen- 
trifugal force to which the subject is exposed This 
IS illustrated bj a series of records obtained from 
one subject exposed to 2 5, 3 5, 4 5 and 5 0 g (fig 
0) In these runs, the sjstohc pressure at head 
lea el, measured m millimeters of mercura , fell to 
70, 40, 10 and 0 respectia elj The other cardioa as- 
cular changes were likewnse progressn eh more 
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miiikccl Sjinptoins Ijociinc suc(('S4i\(l\ nion •<( 
vcrc Al 2 5 k, visioii w is in mil mud \l T 5 k, 
pcnpliouil \ ision was lost nfloi .5 sc c oncls and was 
recovoiod iftci 10 soc ondb of ( \posui c lollicma\i 
mum foicp M 15 k, ponplu i d \ismn was lost 
iftcr 5 seconds and centra) i ision after <S seronds 
Reco^cr■\ did not occur until tin foiic> was re 


In ali'iri) c onl rasi to tin marl c cl clcrrcasc in nr 
Ic ri'd pre ssiirc al lie ad Ic I re latncU little fall of 
jircsmirc cncursal heart lc\cl I his is dliistr ilccl in 
(iKUrc 7 In Ihisc \i)e nine nt the hlood pressurewns 
recorded sinnillane enish from e le h raeli d nrteri 
One wrist was siijiporleil at he ml level and the 
other at he vri level I he hhiod pressure at head 
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Fig 6 Recoids showing increasing severitv of phvsiologie ch inge s in in in during evposurcs to ac 
celerations of increasing magnitude (refer to text for full dot ids) 



duced At 5 g, consciousness was lost between the 
fourth and sixth seconds When consciousness is 
lost, recovery to the point where the subject just 
begins to respond to light signals usually requires 
15 to 30 seconds, even though the force is termi- 
nated with the onset of unconsciousness In about 
50 per cent of instances, convulsive seizures occur 
during the period of recovery (28) 


level was markedly reduced, as in the 
experiment Arterial pressure at heart level, ow 
ever, was maintained within normal i®* 
throughout the period of progressive failure an^ 
actually increased to hypertensive levmls o 
than 200 mm of mercurj , systolic, during 
period of compensation , . 

It IS of considerable phj'siologic interest m 
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hindrance to \ enous return and the arterial shunt- 
ing effect produced by centrifugal force nere not 
sufficient to interfere nith maintenance of normal 
blood pressure at heart level in these experiments 
On the contrarj , in response to the pressor reflexes 
induced bj the fall of arterial pressure at head 
level, the cardiovascular system vas capable of 
producing marked hj pertension at heart level dur 
mg the period of compensation 
The sequence of changes vhich has been re- 
peated!} and consistently observed can be sum- 
marized as follow s 

(1) Acceleration increases the weight of blood 
and tissues 

(2) The increased weight of the blood reduces 
blood pressure at head lev el to such a degree that 
disturbances in vision and consciousness ma} oc- 
cur 

(3) The decrease in arterial pressure at head 
level initiates pressor reflexes which become ef- 
fective in about 7 seconds The resulting increase 
in arterial pressure at heart level is usually suffi- 
cient to produce some degree of recoverv at head 
level even though the force is maintained 

The changes in blood pressure are the ke} to the 
orderly pattern of changes in ear opacity, ear pulse 
and heart rate These simply reflect the alterations 
m blood pressure They have, how ever, afforded 
simple routine methods for following the cardio- 
vascular effects of acceleration in man Use of 
these recordings and elucidation of the orderly and 
umform sequence of physiologic events, have af- 
forded an objectiv e measure of man’s g tolerance 
They also hsv e allow ed the development of an ac- 
curate bio assay method for the quantitative es- 
timation of the protective value of any' device or 
procedure designed to offset the effects of positiv e 
g (32) In this bio assay, as m other assays, it is 
essential that conditions within, and surrounding, 
the test object, in this instance a human being, 
remain constant if satisfactory quantitative deter- 
minations of protection are to be obtained (33) 
The problem of protection becomes, in phy siologic 
terms How mav the sequence of events m man be 
altered so as to reduce or eliminate the period of 
progressiv e failure’ 

There are three general methods which can be 
used to increase man's abihtv to withstand cen- 
trifugal force These are 

1 Limiting the duration of the force 

2 Postures or positions which reduce vertical 
hy drostatic distances 

3 Procedures which increase blood pressure 

Bv limiting the duration of the force to a period 

less than the usual latent period of about 4 seconds 
required for the dev elopment of svmptonis, pilots 
can avoid the phv siologic consequences of ex 
posure to centrifugal force This procedure is fre- 
quent Iv used bv pilots when tiiev arc required to 


test the performance of planes at high g forces 
The circumstances aie illustrated in figure 8 The 
subject studied lost consciousness after about 7 
seconds of exposure to 6 g However, by limiting 
the duration of the force he withstood 7 g for 3 
seconds and 9 g for 1 second with only transient 
dimming of vision The maneuv er requires precise 
estimation of the duration of the force When the 
exposure at 7 g was prolonged from 3 to 5 seconds, 
consciousness w as completely' lost At high speeds, 
the method is dangerous since the pilot, to shorten 
the duration of the force and yet complete a turn, 
must use violent maneuvers and hence may over- 
stress his plane Furthermore, should he underes 
timste the duration of the force and hold the g be- 
yond his symptom latent period, unconsciousness 
would result 

Changes in the position of the pilot tan be used 
to shorten the hy'drostatic distance between the 
various parts of the body In the prone or the su- 
pine position, the vertical distance between heart 
and head is zero and centrifugal force does not 
reduce the arterial pressure at head level In this 
position, man can w ithstand maintained forces m 
excess of 12 g without occurrence of visualsyonp- 
toms (13, 34, 35) The practical difficulties of fiyung 
a plane in the prone or supine position are numer- 
ous, although many have been overcome bv 
mechanical aids, the most recent and satisfactory 
of which have been developed at the University of 
Southern Califorma (36) 

The possibility has been investigated of ac- 
complishing partial reduction of the hydrostatic 
distance between head and heart by having the 
pilot’s seat tilt backward at an angle of 45° to 60° 
(11,36,37) This was found to be an effective 
means of increasing g tolerance but was not found 
practical in conventional aircraft On the other 
hand, pilots are able to accomplish some reduction 
in heart brain distance by crouching forw ard in 
their seats This procedure was used extensively 
by German pilots (1,9) While all of these postures 
effectively increase g tolerance, the necessity for 
the pilot to assume an abnormal position to av oid 
blacking out restricts his activity m the cockpit 
and, as a rule, decreases his efficiency in combat 

Procedures of which the effectiveness is based 
on increasing the blood pressure during exposure 
to positive acceleration w ere widely used to pre- 
vent blackout during World War 11 Of these pro- 
cedures, self protectiv e maneuv ers utilizing the 
V oluntary musculature and simple suits w hich ap- 
ply pressure to the dependent portions of the body 
have been of the greatest practical value The 
efficacy of certain drugs w hich hav e a pressor effect 
has been mv estigated (38 39) , they hav e not been 
used as a practical means of increasing g tolerance 

Self protective straining maneuvers of various 
tv pcs undoubtedly hav e been used bv pilots more 
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dimming of vision, but loses consciousness ag un w hen llit esjxisuri vt 7 g is iiii re I'-cd to o seconds 





Fig 9 The effect of the INI-l maneuver on g tolerance and ai tei lal blood prcssuie at hcai t level 

that the maneuver raised the blood pressui e and that this hypei tension enabled the subject to v iths ai^ 
5 g V ithout reduction in vision or loss of ear pulse while, at 5 g w ithout pei forming the maneuver, the su 
ject lost his ear pulse and blacked out 


than any other single procedure or device to pre- 
vent blackout The most effective self-protective 
maneuver thus far developed is the so-called M-1 
maneuver (40) It consists of a series of forced ex- 


pirations thiough a paitially closed go 
oidinated vith musculai straining ,3 

the maneuver on blood pressure at hear ® ^ 

show n in figure 9 At 1 g the maneuver pro 
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sustained elevation of arterial pressure At 5 g the 
effect on blood pressure m as similar and \s as main- 
tained for the duration of the exposure to the 
force This degree of hj pertension at 5 g i\ as suffi- 
cient to maintain clear vision Without perform- 
ance of the maneuver, normal blood pressure at 
heart level was maintained at 5 g, this, how 
e\ or , w as insufficient to maintain circulation to the 
head and \ ision w as completely lost Observations 
similar to those just recounted have been made on 
a large number of individuals By proper use of the 
maneuver, nnnj have been able to maintain clear 
1 ision during sustained exposures to 9 g The per- 
formance of straining to prevent blackout, while 
effective, has the disadi antage that it decreases 



Fig 10 Early anti-blaokout device developed 
under auspices of United States \'a\ j , consisting 
of abdominal corset with bladder inflated bj hand 
bulb pump 

the pilot’s efficiencj and increases his fatigue 
These objections do not applj to mechanical, aut > 
maticallj controlled, protectixe dexices such as 
anti blackout suits 

I )ic dcidopmcnl of anil hlaci out suits The 
United States Xavi began its initial studies on 
anti blackout deuces as earlj as 1932 (ll) Before 
1938, in co-oporation with a corset manufacturer 
and se\eral pin siologists, it de^ eloped a pneu 
niatic abdominal bladder, incorporated in a corset 
arringement similar to that shown m figure 10 
The pilot inflated the pneumatic bladder with a 
hand bulb prior to anticipated exposure to force 
TLlie device was designed to oxcrcome the pooling 
of blood w Inch w is belicx cd to occur in the splanch- 
nic vessels This arringement, although not 
geutrallj iccepted, was used bj a few test pilots 


A similar device was featured in the Hollywood 
production, “Dive Bomber,” in 1941 
Prior to the w ar and the advent of the modern 
human centrifuge, the most important factor 
limiting man’s capacity to withstand centrifugal 
force was generallj believed to be hindrance of 
venous return to the heart from the dependent 
portions of the bodi This concept led to the de- 
velopment of various hydrostatic and complicated 
pneumatic devices which applied gradient pres- 
sures to the body w ith the intention of preventing 
pooling of blood below the heart 
The Franks flying suit, developed by the Rojal 
Canadian Air Force at the outset of the war, was 
an outgrowth of this general concept (42) It is 



Fig 11 The Franks flying suit (F F & ) de 
V eloped bj the Rojal Canadian Air Force In this 
suit a gradient pressure is provided by water 
which, in the amount illustrated, is placed within 
the bladder sv stem of the suit 

show n in figure 1 1 The bladder s> stem of this suit 
is filled with water During exposure to force, the 
weight of the water is increased just as is the 
weight of the blood, therefore, the suit applies an 
external gradient pressure to the bodv, equal and 
opposite to the pressure generated in the venous 
system This suit became the first anti blackout 
dev ice to be put to use in combat 

V pulsatile pressure suit was developed by the 
United States Navy (43) in 1941 (fig 12) This suit 
was designed to apply repeated waves of air pres 
sure to the extremities, progressing from the 
ankles and hands toward the trunk, in order to 
milk the venous blood back to the heart Only a 
few models of this suit were built The com- 
plexities of the suit and its inflating mec’’ 
discouraged its use and further dev elc 
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\ i)nLUiiiiiti( niiuluiil ])i(‘'Mii( suit was di 
vclopptl uihIpi tlu uispiics of 111!' ( mifd Stnlis 
Navy (1-1) ind io( ( nod (lifilil l( sts m P)12 (fi): H) 
Tins suit y as dcbignod to i'( ( oiii])lisli 1 lu s'ltin pur 



Fig 12 Pulsat do prossuioaiili blackout suit and 
valve designed bj United St itcs \ l\^ 



Fig 13 The pneumatic giadient pressure suit 
(GPS) and valve designed by United States 
Navy and used briefly by the United States Army 
Air Forces (AAF G-1 suit) 

pose as the watei suit, the pressure gradient being 
pneumatic instead of hydrostatic The gradient 
pressure suit was given tiial in combat by both 
the United States Navy and the United States 
Army in 1943 and, with some modifications, was 


adopted and us» d brii (1\ lev flu I tilled Statci 
\rni\ as I In \ \ I ( i I miit 
\ Miiinlar but sonnwhal more c )m[)lifitel, 
)iiniimiti( i,railn III prt -oturc suil li'dbccnimdc 
tilde pi mil at l\ b\ Xtisl rnli'iii worki rs (I'j) It was 
If Hie d on llnir ( ( til rifime in 1911 Fin Vustnlian 
Mini find ilH 'leeiH^oriiH wished morf 111 in 50 
poutiilH It wan not put lei prae I n al UHi 

\ 11 of the Hill I H elf HI ri be el w f re If hIi d e irh m tlie 
wirinai i raft Homi ineombit uidwiri found to 
firm nil prole iiioii agaiiiHi blai koul , but henn-'f' 
lln\ wfri ionii)|i\, e uniln rn inn iinl iiinonifort 
iibh lln\ wire not 1,1 in ralh ((eplfilhi inlnls 
I In \ iliel liowiiir ili niotiHl ratf tin diHirdiiliU 



I ig 11 Ihirlj seconds’ exposure to -1 g Notiw 

Ih it the Londifion of subject did not progrcssnc ' 
and continuoiish decline, ns might ha\c been 
anticipated had \cnous return been a critici 
factor Instcid, ear pulse and ear opaciti 
covered after an initial brief period of failure 


of providing anti-blackout protection foi P’ ° ® 
and thus stimulated further development of sui s 
In 1942, phj siologic recording of man’s reaction 
to g, such as those illustrated in figure 14, were 0 
tamed on the human centrifuge This figure ® 
a 30 second exposure to 4 g It is evident t m 
individual was in his woist phj siologic ® 
dui mg the fii st few seconds of the exposure, 
there w as a pronounced reduction 111 blood con 
of the eai and the eai pulse and pcriphera ' 
were lost After this initial period of fai 
pulse and vision weie restoied and the b 00 
tent of the car leturned almost to its eontro ^ 
Had pooling of the blood below' the , could 
critical factor, recovery to this extent liar 3 


FEDERATION PROCEEDINGS 


339 


have occurred The accumulation of blood below 
the heart presumablj would have continued 
throughout the exposure to g and, if this had been 
the chief factor limiting the subject’s tolerance to 
g, sustained recoverj , to the degree illustrated, 
certainh would not have been expected When 
these findings were umformlj obsened in normal 
subjects, attention was directed from the venous 
to the arterial side of the vascular tree A radical 
departure in design of anti blackout suits fol 
lowed Verj effectweanti blackout suits were con 
structed which, bj applying arterial occlusive 
pressures to the extremities and pressure to the 
abdomen, increased the blood pressure at heart 
lex el and directed cardiac output tow ards the head 



Fig 15 Simple arterial occlusion suit (VOS) 
consisting of cuffs about the extremities which 
occlude the circulation and an abdominal pressure 
bladder which directs blood flow to head 

during critical periods of exposure to centrifugal 
force 

A simple arterial occlusion suit of this tjpc is 
illustrated in figure 15 (46) It consists of a pneu- 
matic abdominal bladder and four pneumatic cuffs 
encircling the proximal portions of the extremities 
With the onset of centrifugal force, the cuffs arc 
inflated to pressures x\ hieh occlude the circulation 
A progrcssix e arterial occlusion suit is shown in 
figure 10 (47) The logs of this suit contain a senes 
of transxcrse bladders connected bj small orifices 
The suit IS inflated from the ankles so that an ar 
tenal occlusixe pressure waxc, progressing from 
the ankles ujiward, is produced 
Suits of the arterial occlusixe tj-pe afforded ap 
proximitclx 3 g jirotcction in centrifuge tests as 
compircd to the 1 to 1 5 g protection afforded bx 
the hxdrostatic and gradient pressure suits A1 


though arterial occlusixe types of suits virtually 
eliminated blackout in aircraft, thej were not 
generally acceptable to pilots Actually , much 
more protection was provided than was required 
and the pilots objected to the discomfort caused 
by the high pressures necessary to obtain this high 
degree of protection 

At this stage in the evolution of anti g suits, the 
follow mg became apparent 

1 On the basis of field trials (42, 48) and combat 
reports (49-51) an anti blackout suit which in- 
creased g tolerance by as much as 1 to 1 5 g w as ade- 
quate for pilots of fighter aircraft then m use With 
this degree of protection, blackout w as practically 
nonexistent in combat maneuvers 



Fig 1C Progressixe arterial occlusion suit in 
which arterial occlusion pressures were applied 
from the ankles upward 

2 To be of practical xalue, the suit must be 
simple and comfortable and must be acceptable to 
pilots 

All anti blackout suits had m common the appli- 
cation of pressure to the regions of the body be- 
low the heart Whether originally designed to af- 
fect, primarily , the x cnous or the arterial circula 
tion, their ultimate effect was to increase arterial 
blood pressure Centrifuge studies then serxed to 
elucidate the essential factors in design of suits 
The follow ing facts w ere found 

1 Protection afforded by immersion m water 
(fig 17) x\ as limited (52) and, while water suits did 
afford 1 to 1 5 g protection, the same and greater 
protection could much more easily be proxadod by 
application of air pressure Vlso, it w as found that 
xxatcr did not apply its highest pressures to those 
regions which produced the greatest protection 
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(53) (Irostiitu (^uuiunl pi ( i/iilioti, lh(ic> 
fore, was abandoned 



Fig 17 Bath tub used on liuinan (ontrifuge to 
test the effect of iininei sion in watei on g I ole ram c 
of man 


waM »l( l< I mini d primaril\ b\ its sirr and tin pres 
stiri to 111 ! h it w i>s iidl ill d (■) {) 

I Mllioiigli It was iniportaril to aiijil^ pressure 
to till I( gs till amount and distribution of this 
|>ii i‘’m( wi s not ( ritir il (It) 

\niions siinpbfii at ions of antiblirkoiil suits 
followi d I s( ibiishnii III of till SI findings T/iearnn 
modiliid till I omiilii ill d gr nlii nt [in ssure suit 
to I siinpli r Singh pri ssuri suit ( \ \I (I 2) (oi) 

I import and llirrington ("fi) ih v i lo[)ed a single 
jirissuri pniumatii hiirsiiit \\ ilkins (57) witli 
i ri \ oliilioni>r\ di sign apfilu d i ounti r jiri ssure h\ 
a III t siisiii nsion suit 

\notlii r SI null tarn mis bni of di \ i lopiiieiit w liieli 
h 111 IIS Its b ISIS ihf lindings i ntinii ralid ahoie.leil 
to till iMiliition of a simide pni iiniatii hlaililer 
s\s|im in wliiili till I ilf, thigh and ahilominil 
bladili rs wi ri i mist riii li d in a single unit designed 
to bt inflatiil to a sitigh prissuri (fig l^l) 

1 his simiililii d Singh jiris-iuri, bladder s\ stem 
I mild 111 built into an\ t\pf of g irment which 
would allow ri isonabh trinsmission of the hi id 



Fig 18 Analysis of protective value of component parts of anti-blackout suit Figure illustra 
the protection obtained by pressurization of legs only, abdomen only and legs and abdomen together 


2 Pressurizing a suit to a gradient pressure had 
no detectable advantage over a single pressure (54, 
55) 

3 The abdominal bladder w as the most impor- 
tant component of the anti -blackout suit (fig IS) 
and the amount of protection afforded by a suit 


lie to the body It was demons r 
iflation to suitable piessures, the sm 
ci system prevented the j 

n the majority of pilots flymg 

o flight 
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coverall (United States Nava Z 1 and Z 2 suit) 
m 1944 (fig 20) (59) The armi put the same blad- 



Fig 19 Simple single pressure bladder sjstem 
which provided protection when built into gar 
ment, allowing transmission of bladder pressure 
to bodj 



Fig 20 Anti blackout suit coverall incor- 
porating simple single pressure bladder sjstem 
used hj United States Ikavj (called Z-2 suit in 
im \ iiid G-4 suit m armv ) 

dcr svstcm into a skeleton tape suit (-k-kF G 3 
suit) designed to bo worn over the pilot’s regular 


uniform (fig 21) (60) These suits w eigh less than 
3 pounds and are as comfortable to wear as 
conventional fljing clothing Similar suits then 
w ere developed at the Roj al Canadian Air Force 
Acceleration Laboratorj at Toronto and at the 
Rojal Air Force Laboratorj at Farnborough, 
England 

The protection against blackout afforded bj" 
these suits is due to the increase in blood pressure 
at heart level which thej produce and which is 
available during evposures to centrifugal force for 
the maintenance of circulation to the head (61) 
Inflating the suit at 1 g produces an immediate 
increase in blood pressure w hich is w ell sustained 
for the duration of the inflation This increase in 



Fig 21 Anti blackout suit cut away garment 
incorporating simple, single pressure bladder 
sjstem used by United States Armj (called G 3 
suit in armj and Z 3 suit in navv ) 

blood pressure tends to be greater the higher the 
pressure to which the suit is inflated 
The effect of the suit on arterial pressure at 5 g 
IS illustrated by an experiment in which blood 
pressure was recorded simultaneouslj from one 
radial artery, with the wrist supported at head 
level and, from the other with the wrist supported 
at heart level (fig 7) At 5 g, without the suit 
blood pressure was maintained at a normal value 
at heart level but this was insufficient to maintain 
circulation to the head Pressure at head lev el fell 
to zero during the first 7 seconds of the run and 
vision was completelj lost Inflation of the suit 
at 5 g produced immediate hv pertension at heart 
level, which was sufficient to maintain circulation 
to the head dunng the exposure so that vision 
was maintained 
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Anti-bliickout suits of tins simplified t\pt were 
lapidh secepted bj fit^liter pilots Jii the list 
jears of the w'u, llicso suits were issiud to ariiu 
aud navy figblci pilots as rapidb as iii'iiiufacture 
of the suits and suit pressure contiol lah es would 
permit Combat lepoits gave (onclusnc proof 
that these suits affoided our jiilots a deliiiite 
inaigin of superioiity 

It IS interesting to note that Ceimaii stientisls 
appaiently weie unaware of the leal etTi ( ti\ « nr -is 
of anti-bl lekout suits ilthough the\ did appn 
ciate mill} of the jilnsiologie primiphs of aiili- 
blackout de\ices (1, 0, 11, 12) \h far as cm bi 
told fiom infoimatioii it present aiailabh, the 
only anti-blackout ]iroecdures the\ aitiialli 
advised during the w ir wtie the crom li and n 
clining positions It is now know n, how e\ er, tliit 
in the closing phases of the w ir imeum itn uili 
blackout suits copied dircith from modi Is (aj> 
tured from the Allies weie in ])reliniinir\ stagis 
of production in Germanj (02) Ihe laiimesr.as 
was true also of German scientists, had hum in 
centiifuges available tor detailed studj of blatk- 


out (ti2) III! onU antibbukout iiroccliire tlirj 
ari b(li(\(d to haii usci howrvir was taping 
of tin (vtrimilns md trunk of tin boiK to pre 
lent pooling of tin blood in tin s( regions I irh in 
the war, lists |n rformi d at the Lmtid St ites 
\rm% \ir lorcis \( ro Mi dual baboraton in 
iliiatdl that the timi lonsiiming and imronifor 
I ibh iiroiiduri ini ri isi d g toll ruin h\ onh 
0 to I I) g (01) 

\nli bhn I out suits, i-,[n[iall\ siniplifiid suits 
iisi d b\ our air fores, an not tin answer to the 
probli III of pri 1 1 III ion of blai koiil ainong iiiiatorB 
Slim in an\ givin turn ulrifugil foni is pro 
portional to tin ■njii/irr of tin idoiitj, it can 
projiorl ion d to the ri/iiiirr of tin icloiiti, it can 
bi jiri dll till that, with tin adv i nt of super speed 
plains, tin prisint anti bhn koiit suits soon will 
bi as (d)sohli as tin plains in whiih the\ were 
us( d \dditionil iihisiologic iiii i stigitions will 
bi niiis-iri In fori mi thods can he dec eloped 
which will I nabli jiilots to utiliri the full po 
tc ntialitii s of the new airer ifl 
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CLOTHING AND IIEVT KXCIIANGLS 

V C BbltrOiN 

UmicrsUy of II cs/ern Onlario, London, Cdnnda 


Ever since the dajs of Rubner, the heat ex- 
changes of man vith his enviroiunent ha\c been 
the subject of intensive studv In this ccnturi , a 
great bodj' of detailed knowledge has resulted 
from the W'ork of groups headed bj DiiBois 
laglou and Houghten, Whnslow , Gagge and 
Herrington, Dill and co-workers, Murhn, Slieird 
and his associates , as w ell as from individuals such 
as Bazett, Adolph and Hemingway Abroad wc 
have had the outstanding work of Bedford m 
England and of Lee in Australia 
However, all this work has been 'inlcnsm 
rather than extensive in scope Subjects were 
generally naked or lightly clad Environmental 
conditions did not extend much bejond the 
narrow range of temperature maintained m 
modern homes in the temperate regions This does 
not of course apply to the w ork that had been done 
in tropical conditions by several expeditions 
Yet physio ogy is concerned wuth the maintenance 
of the miheu mtdrieur” necessary to life in the 
face of wide fluctuations of the external environ- 
mrat Adjustments that are purely physiological 
suffice only for a limited range of exteinal fluctu- 
ation Outside this range, man, to five must 
create his own “milieu intermediare” by the use 
of clothing, a tent or a house In the proper study 
of this field betw een pure physiology and physics 
knowledge of physiology is needed just as much 
as understanding of physics 
Yet the manner in w'hich clothing could affect 
the heat exchanges of man in the environments in 
which some men have to live and work had not 


been studii d sLientiric ill} to am great extent, 
and not b} ph}sioli)gists Clothing has been 
taken for granted so long, each of us feels he is an 
exjicrt Mmost without cxcejition the design of 
clothing has been dominated In the whims of 
fasluon or b} commercial considerations Func 
tional design, based on the functionil require 
ments, was almost comiilctch unknown 

The outbreak of modern warfare brought, to us 
in 1939, a challenge to the pin siologists that 
could not bo refused, a challenge that wc sureh 
should hiuc foreseen and been prepared to meet 
Airmen must remain efficient in gun-turrets, 
which were impossible to heat adcquatelj, mt c 
stratosphere where the external temperature was 
55° C below zero The Navy would have fo 
operate in the extremes of cold, wet and win o 
the North Atlantic Ditched aircrew and ship 
wrecked Naval personnel would be adrift m 
small rubber dinghies or open boats m direc 
contact w ith the elements Drnang a tank, even 
in weather that might be described as mild, is an 
astonishingly cold job Our armies might have 
fight campaigns where exposure to cold 
great an enemy as the human foe On the o i 
hand, the campaign in North Africa ca e 
study of how to maintain men in the dry 
the desert, and the war against Japan m 
humid heat of the jungle Actually 
has now taught us, in more than one cost } e 
that it was the less dramatically 
ditions, of moderate cold with constant j 

to moisture, that posed the greatest pro e 
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fear (hat those of us 'v\ orking in this field failed, 
if not in appreciating this ourselves, at least in 
conv'incing the authorities of it Had vie done our 
30b better, much hardship of our troops in “Sunnj 
Italv ” could hav e been av oided, as well as in the 
Aleutians or elsewhere Figure 1 is adapted from 
Dr DuBois’ lectures, and will serv e to remind v ou 
of the factors involved in the heat balance Un- 
less the two sides of the heat equation remain 
equal, a Heal Bell, positive or negative, will 
develop “Heat Debt” is evactlj analogous to 
“Owgen Debt” so familiar to phj Biologists 
Thus if we are to provide adequate clothing 
insulation for men on a given militarj mission, 
we must first know the average metabolic rate 


/heat 
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involv'ed For a pilot sitting at his task it will be 
not more than 50 Cals/Sq hi /Hr For an infantrj 
man the average rate mav be much higher The 
calorific value of the dailj rations will be some 
guide Each specific military problem requires 
careful investigation of these factors 
Clothing affects the right hand side of the 
balance the heat loss, and the first step was to 
find a unit of measurement in w hich to measure its 
effect Different groups interested in heat e\ 
changes use different units, the heating and 
ventilating engineers use B T U per minute and 
°F , the phvsicists calories per second and °C , 
the phv Biologists kilocalories per hour and usuallj 
'r There seemed room for a new unit, convertible 
to anj of these b> numerical factors, but in ad- 
dition carrving some concrete meamng to the 
lajman Collaboration between three groups of 
workers led to the introduction of the “Clo 
unit” of thermal insulation 
Thermal insulation is a “resistance” unit and 
like all such “resistances” is giv en bv the ratio of 
the driv ing force, here the temperature difference. 


to the flow per unit area of erossection, here of 
heat, that results 

Thus- — Thermal Insulation 

Difference of Temperature 
Heat flow per unit area 

Total Insulation Tskm — Tair 
(C lothing + Air) "" Cals/SqM/Hr 

and bj*- definition- — 

nss 

B T V /Sq Ft /Hr 

The Clo umt is, of course, defined, without anj 
scientific uncertainty, in terms of the pree-visting 
ph5 steal units, by the numerical conversion 
factors But the usefulness of the new umt, and 
the reason for its introduction, lies in the example 
given below 

“One Clo unit of thermal insulation in clothing 
suffices to keep a sitting-resting subject (Meta- 
bolic rate 50 Cals/SqM/Hr) at lO'F (2rC ), 
Relative Humidity less than 50%, air movement 
20 ft /min (10 ems /sec or “still air”) indefin- 
itely in a comfortable stead> state” 

We found that we could explain even to a 
General or Admiral, without a course in pbjsics 
for w hich he had neither time nor patience, that 
his umform had about One Clo unit of thermal 
insulation, his greatcoat another one Clo unit, 
and that together they provided him with a total 
of Two Clo umts tilth some pictograms, as 
figure 2, we could convance him of the importance 
of the metabolic factor The "Met” is another 
convement practical umt, of metabolic rate I 
Met stands for a rate of 60 Cals/Sq M /Hr , the 
usual “resting” v'alue Level walking will be a 
metabolic rate of about 3 Met The pictogram of 
figure 3 was used to convince the laj authorities 
that this scientific studj had some important 
practical results Si\ 11 Clo sleeping bags are 
much heavier and bulkier than si\ 8 Clo sleeping 
bags and it maj be sounder logistics to take some 
stoves and the lighter bags 

The total thermal insulation of a clothed man is 
the sum of three components (fig 4) The in- 
sulation of the tissues is controlled bj the per- 
ipheral circulation with the limits as shown 
He shall see that it is difficult to provide more 
than 4 or 5 Clo umts in the clothing The insula- 
tion of the air depends on the degree of air move- 
ment, and bv a fortunate phv sical coincidence, we 
can use standard tables for this that applv ap 
pro-vimatelv whether the temperature is — 40'’F 
or -1-40^ Unfortunatelv we still do not know how 
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to (miislnte niovcinciilb of (lio both , us in wulkinK 
into m cquivalont rivtt of nr iiu)\ ( iiioiit 'I bus, 
given (he external (onditions of tin jirolilim, 
teinpcratuic, mini and bo on, and tin aitnilx of 
soldiers, it is a inattei of siniple algibri to inl- 
culate the recpiired insulation in ( lo units 'I'oo 
often the difTniiltj w is in obt lining tin data of 
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Fig 3 Hon many Clo units needed? 


requirements, and here the Climatologists, such 
as Siple, did sterling v ork in the O Q M G , and 
devised many charts by vhich the clothing and 
equipment required for any mission, whether to 
Tibet or Alaska or Malaya, can be reliably laid 
down 

Cold chambers at the RAF medical section 
Farnborough, and the R C A F in Toronto, were 
the precursors of manj that mushroomed forth, 
under the stimuli of our respective National Re- 


st in h ( 'onin ils and tin lit st art h Divisions of I hr 
Stiviits anil giiidffi b\ 'siili Commiltics on 
I’loltilivi t liilhing limit r (lit It itlt rslnj) of 
Dot lor Ni ivbiirgh 111 Iht I S anil Dot lor Jfnll in 
Canatl'i I In ( In ili It rminalion (as il was tnllrtl) 
waswidilv ni'itit bomi lost fiilhinil boiaiiscof 
Ils gri il inln ri III di(h(ullifs ( nirss iht tenijirr 
aluri is sill h lhal a sliailv slali m ir (hat of 
toniforl IS I slablishi il, if Iht insiilalion is 

atit tpiali , a largt In at tli bl at i nniiiintt s, and wc 
I'liinol t'lliiilalt this with inv at i iirai v , wlist 
tvtr ftiriniila ftir iniMiig riilal and skin tempers 
lurtswi atlojit 1 1) tibtain I In avtragi temiieraturc 
of tin bodv I havi alwavs itmtintlefl that there 
is no jiDint III ])lanning i ( lo tlelt rmination at 
It injii r iliirt s_t)thi r[_than those where the hest 
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debt is small, however informative cxpcrimcn s^in 
extreme conditions mav be in „ j 

The issue is dodged bx the use of an arti c 
man” (fig 5) where pin siological 
coin'cnicntlv absent , and anj heat 
bj keeping, autoinatieallj , the bod} pp 

constant and measuring the heat require o 

This artificial min of figure 5 has historicn 
(ercst only, as I think it was the first, ^ 

Toronto IIis ofTspiing have been better eqin 

with limbs and with accuracy The 
bod} moisture is absent in most models jjjgd 
The preliminary w ork in cold chambers 
results that w ere unsuspected from t ic c 
study of heat exchanges of lightly c ° ^ gets 

Figure 6 shows the averaged lesults on 
seated in heavy flying clothing m the c 
her The deep body temperature fe m 

levels far below those ever seen in pgponsc 

lightly clad subjects, where the meta o i 
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occurs before the rectil temperature has fallen 
more than 2 or 3 tenths of a degree In heavj' 
clothing the phj siological response of increased 
metabolic rate (shivering) is delajed until the 
third hour, nhen the subjects become quite sud- 
denlj miserablj cold The noimal response of 
\asoconstriction is also markedly inhibited until 



Fig 5 



Fig 6 Fall of bod> temperatures in fljing 
clothing of 2 to 2 5 Clo at 0° to 10°F 
(Broken lines — 3 0 Clo) 

the late stages, presumabh because the stimulus 
of rapid fall of skin temperature is lacking 
\t still colder emironmental temperatures, 
cspccialla with wind, stimulation of the exposed 
areas, such as the face, brings prompt phxsio- 
logical response of shn ering and x asoconstnction, 
and these remarkable falls of deep bodj temper- 
ature arc not seen 


The heavily clothed, inactive, man is therefore 
phvsiologicallj ill equipped to maintain bod\ 
temperature, and some measurements of bodj 
temperature on aircrew on actual patrol missions 
showed considerable falls of bod> temperature 
An important question is whether or not this is of 
any practical consequence In a series of little 
know n but very important tests on psx chomotor 
efficiencx , Dr Kitching showed that there was a 
considerable deterioration of performance The 
decrease in efficienc 3 w as correlated more w ith the 
discomfort that ensued than directlj with the 
fall of deep body temperature 
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Fig 7 Relative size of mittens needed for dif- 
ferent exposure times at — 20°F 

Ail this work can be summanzed bj’’ saying that 
it was found that a maximum of 4 or 5 Clo units 
was all a man could be given and remain mobile 
and dexterous enough for his militarj task The 
fact had to be faced that w e might calculate the 
insulation required for an indefinite comfort and 
cfficiencj', but in xerj manj cases could not 
supplj it It might suffice for a short time of ex- 
posure onlj What was needed was a scientific 
measure of niadcguacy of the best possible cloth- 
ing, as w ell as one of theoretical and unattainable 
adequaej This measure was supplied bj the 
introduction of the Tolerance Time, bx Doctor 
Talbot and the Climatic Laboratorx of the 0 Q M 
G (fig 7) There IS a sex ere phxsical limitation on 
the maximum insulation obtainable in glox es or 
mitts, pointed out bx ^ an Dilla IJ to 2 Clo units 
is all that IS theoreticallj possible due to a phx s- 
icai effect of the small radius of curvature in 
xolxed While the Clo determination is of the 
greatest use in development work on clothing, the 
Tolerance Time is the important information for 
mihtarx planmng It is based on a logical and 
practical definition of the end point of tolerance 
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111 tornis of mferforcnto \Mtli (he p-irfK tiliir 
mission undertaken Tlie Armound ('nrps Mtd 
ical Lab under Colonel Ilatdi, lias further dt 
veloped its usefulness, bj corrclatin;; it with tlu 
thermal insulation in Clo units, and malhemalit al 
anal^sls of cooling curios \n in\ ( stigation of 
whj the incidence of trcncli-fool in I ram* was 
much higher in one Dnision than in i m ighbour 
mg Di\ 181011 rcicaicd that tlie reason la\ almost 
entireii in the neglect of the limitations of I oh r 
ance Time, and that men were not ining ri In \m 1 at 
short enough intervals 

The inadequaci of the i.est theriinl insulation 
we could proiidc ilso turned our thoughts to tin 
use of auMliarj heating, is in chclnatUu hiatol 
clolinng A great deal of work was doin in (’inada 
and later at Wiight rield and it Iknsnohi \ 
fact of ph3stological interest emerged riinboih 
knows that it is the hinds uid feet tint first fid 
cold Quite naturallj then the earlnst smis 
supplied all or most of the licit to the e xtn mitn s 
Let It was found that unless the heat were dis 
tributed m a proper projiortnm ener the bodi 
giving less than lO^c of the total to e leh hand nr 
toot. It was impossible to miintiin a nun in 
comfort for more than in hour or two, howei.r 
much total heat was supplied If there is too 
much heat to the extremities, the skin is w inn 
and temporary comfort ensues But the resultiiii: 
vasodilation encourages a steaeh elroj) of deen 
body temperature, and e\cntuall\ this falls low 
enough to bring on acute discomfort We hax c had 
subjects in electrically heated suits with improper 
distnbution, eventually shivering (from low deei) 
body temperature) and sweating (from hot ex- 
tremities) at the same time New ciidencc of llic 
dual control, peripheral and central, of tem 
perature regulation has been prouded A great 
deal of work has now established the proper 
distribution over the bodj and over spccifi^ parts 

It, such as the hands, and charts are available 
through the cooperation of the General Electric 
Company by wLich the total electrical energx 
required in any circumstances can be ascertained 
A simple device for the automatic regulation of the 
amount of heat supplied m aecordLce Zk Z 
requirements has been developed and adopted by 
the R C A F but not elsewhere There has also 
been an air-heated suit developed, (by Canadmn 
and by Bnt.sh uorlers). but Z.ZZfZi Z 
same construction is more suitable for use as an 
air-cooled suit, to maintain men m efficiency m 
intolerably hot environments 
One most important phase of the activities of 
physiologists has been that they have left their 
laboratories, even their hot or cold chambers to 
study the problems in the field Figure 8 show s I’ust 
one example to illustrate this It is of a U s 
expedition, on which we had several Canadia-' 


ob-fiurs, (oM.miil Me Fviiilri m M-iska (o shidj 
ilolliing and eriiiifum nl Onlv bv i xpr rinicini; 
till m*<( III ! th( iKitml (omlitioim for wlmh (hn 
"in lo Imil Mtniiibli dothing lould jihisiologisls 
prodmi pr.KiK'il ri suits \ dr 1 1 lopnii nt of grnt 
Iirrmiimiil wibm was ihi growth of firhl k^Ung, 
niulrr thi (Jiiartr r Mnstr r Boinl, the 0 Q M G , 
and tlif \ UC (’o Ordiii'itiiig (dOiiiiniltre in 
( in iil'i whirr t he (ill'll prodiii I s of rr sr irtli were 
put lotlii ( riir ml ti st b\ In mg iisi d bi troops m 
I oiidi t ions ( Ids' l\ similiir to those for whiili tlic 
itriiiM wrri rlesignr d It was rialind tint iinlr a 
sill h (n 1(1 ti sts an m idr b\ st at istieal design md 
till rr suits r V 'ilil ited sl'itmtie ill\ , thrj cm leid 
lo falsi eotii liisioiis \ ni w si ii ner of firlil testing 
has 111 I n ill 1 1 lojii i| w liii h i 'ills for I lit apphenfion 
I f not onh phisiologi bill off I I jisiiliolopi of 
sl'itistii s and of I ommon sr nsi It is to he hoped 
fh'it this III w siiiiiii will find further njijiheition 
in till pi ill timi jirobli ms of the lonsumcr 
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Pnrillel to 'ill this rcscirch of Bioplnsicil 
nature, pureh jihisicnl ini cstigitions of di® 
nature of the therni'il insuhition proiidcd hi 
fabrics were prot ceding, chiefli under Doctor 
Imrosc at the N R C Laboratories, 

Doctors Harris and Fourt it the U S Bureiu o 
Standards, and at Listers Ltd , in England The 

lortant 

of an 
hut 


results can be summarized in a xen unpo 
goncnibzation The thermal insulation o 
emptx air space mcronses with its thickness 
soon loaches a inaxininl value (after the thickness 
exceeds I") because of the natural conveche" 
currents sot up If, however, the space is fihe 
"ith textile fibres, which prevent the coniccdou 
currents, the insulation continues to be proper 
tionnl to the thickness up to an}' thickness t in 
may bo tested IMoroovcr, as long as the o 
density of the filling material be low, the insu n ’o 
IS the same whether the filler be wool, 
kapok or whatever else Thus for materials o 
bulk density, it can be said that the thernia lus 
lation of a fabric is simply that of the thicknes 
stiff air entrapped About 4 Clo units 
thickness is obtainable Figure 9 is from a c 
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ical piece of \\ ork b% Doctor I arose (The same 
fabiic i\as used throughout the thickness being 
altered bj different degrees of compression ) The 
realization of this fact was of the greatest im- 
portance It prevented us from casting time on ii 
wild goose chase to find some new material that 
would have a unique insulation for a given thick 
ness, and it turned our attention to the wajs in 
which clothing could be improved Fabrics should 
be chosen, or dee eloped, to have the best re 
sistanee to compression so as to maintain thick 
ness and thermal insulation under service loads, 
moisture and wear, and yet ha\e the best fle\- 



tig 9 Thermal insulation of double pile fabric 
(wool) variation with thickness 


r 



Fig 10 


viaistute tn clothing Men of experience in the 
North such as the R C M P and explorers, all 
agree that the accumulation of moisture, from the 
bodj rather than from outside, is the greatest 
hazard If the outer garments do not permit the 
passage of water vapour, and men are w orking, the 
moisture from sweat will condense in the outer 
Hjers and the thermal insulation will be lost 
Impermeable fabrics, such as the plastic coated 
fabrics developed duiing the war, maj serve 
well to shed ram, but men cannot live and do 
phjsical work contmuoush , especiallt in cold- 
wet conditions, in impermeable garments The 
exclusion of moisture from without which could 
otherwise be contmuoush evaporated by the 
bodj heat, has been at the cost of permanent 
retention of moisture from the bodv' in the cloth- 
ing It has been a battle, not > et w on, to convince 
the military authorities and even some scientists, 
of this It IS water repellent, rather than water- 
proof, fabrics that are required in these circum- 
stances here exclusion of outside w ater is 
essential, Bazett and Siple have suggested that 
we provide a second impermeable lav er very close 
to the skin Here the accumulation of moisture 
will soon retard further evaporation and the 
layer of insulation between this inner vapour 
barrier and the outer barrier (sav a rubber boot) 
will retain its dryness and thermal insulation 
The whole subject of humidity in clothing has 
been elucidated by the work of Goodings and 
Kitcliing m Canada and Fourt in the L S The 
resistance to transfer of water vapour of a given 
fabnc can be defined in i manner exactly 
analogous to the thermal insulation The unit 
IS the cm of “dead” air (i e completelv still 
air as in a very narrow air space) 

Resistance to transfer of water vapour 

Difference of ^ apour Pressure 
Flow of V apour per unit area 


ibility, durability and light weight If was found 
that a double pile fabric (with the ground fabric 
between two pile faces) stood compression better 
than a single pile and this has been widclv 
adopted Clothing could be designed so that 
reduction of thickness at elbows, knees etc was 
avoided Figure 10 shows the RC VF Tvpe E 
fly mg glove dev eloped by Ivitching and Pag<5, also 
adopted enthusi sticallv by the U S Fir Trans 
port Command The fourchettes of the fingers arc 
curved to the position in which the hand will be 
OtFr of the time There is a great gvin in warmth 
and m mpulitivc freedom In this w vv a verv 
innsulcrablc improvement inmihtarv clothingvvas 
effected even if the girmeiits would not please 
convention il t iilors 

I cm touch oiilv verv hnefiv on the question of 


Total resistance (clothing plus air) 


Pstn 


Ptir 


Cms of dead air = S 5 X 


gms/SqM/Hr 
mm Hg 


gm/SqM/ Hr 
Heat loss bv evaporation from bodv 
5 (Pstm — Pvir) 


Resistance in Cms 


Cals “^qM/Hr 


Doctor Goodings devised rclativclv simple 
methods bv which the resistance could be 
measured on a simple of fabric Pin Biological 
knowledge enables us to state how manv “cms of 
dead vir” resistance is consistent with comfort in 
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given ciicumslinccs A stirtling result of tlu<i 
V ork IS the geneiali/iition tli U tlie pt i me il)ilit\ of 
a fabric to Mater vapour hears ver^' littli relation 
to its porositj to air The vapoiii iiioms through 
the fibies, even if theie aie \tr\ foM holes A 
tiglitlj Moven, but thin fabiii , Mill have as low or 
a loMci V ipoui resistance is a thicker more open 
fabric This has had a gieit bcairing on tropical 
clothing, in mIucIi mc need the least ]iossiblc resis- 
tance to evaporation, mIiicIi, in hoi conclilioiis, m 
the all impoit int mode of he it loss The or\ b isc d 
on the liboiitorj MOik preduted that a thin 
tightl}^ MOven fibiic Mould be cooler thin the 
conventional, ojicn Moave, but thicker f ibrics 
Dill verified this bv obsercation and field tests 
m the South Pacific intensn c Mork on the humicl- 
ity »ithin ciothing ii is do 2 ic bv JwJtbing nad nn - 
self m the latei jears, in Canada, uul be Pot be?, 
and Belding and others in the Ilaivird Fatigue 
Laboratorj Results cannot be discussed here 
From the consideration of humidit\ ind mois- 
ture m clothing it is an casj step to consider 
clothing filled Mitli Mater, as in immcision in the 
ocean Not only the insulation of the clothing is 
lost but also the insulation of the outside air, and 
exposure of less than an hour even in Mater at 
60°F proved fatal The only way tn which survirors 
of ditching or shipwreck can be protected is to ensure 
that watei does not enter their clothing If this is 
done, men can, and have, survived manj' days of 
jmmeision even in the North Atlantic Although 
an “exposure suit” to do this had long been muse 
m the Norvegian Mercantile Marine and had 
saved many Ines, and although Dr L Irving 
spent all his poMers of persuasion and energy m 
advocating such protection as early as 1939 and 
1940, it has been a ver 3 ’^ hard task to convince the 
Naval authorities Thej" continued to stock life- 
rafts Mith rations for several days and to ignore 
the fact that if clothing Mere Met men Mould not 
survive to eat them To evaporate onlj five pounds 
of Mater from clothing by bodj^ heat requires more 
than 1300 cals , a very generous emergency ratio 
for one day Eventually the dogged persistence of 
Di NeM burgh and otheis in pointing this out, 
and the Mork of Pask in England, Mas reMarded, 
but almost too late to save manj^ lives in this m ai , 
though in the R A F , R C A F and Rojml Cana- 
dian Navy such exposure suits have lepaid all the 
Mork of the physiologists. Figure 11 shoMS one 
such exposure suit It m eighs only a fcM pounds, 
can be donned over clothing in less than a minute, 
and provides adequate flotation It is suggested 
that it Mould be a very desirable safetj measure 
if all passenger liners carried such suits for pas- 
sengers and creM 

Due to the Mork of Nev burgh and Bartell and 
of Kitching and Goodings (Morking Mitli the 
RAF), Me noM knoM tM o different m aj's in 


mIikIiiI isailimlh [losmbh lo make an i xposiiro 
suit Mill! h M ill not alloM Mali r to jif iif I rale to the 
clothing on immersion, Ml hair so Iom a rc 
sisl imc lo Malir \ ijioiir n('‘’S than .') cnis of dead 
air) lhal il can bi uorn (ontiniionsh even in 
M irni siirroimilings miIIioiiI disiomforl .Siicli a 
siiil soIm s I Ilf probhnifif t pilot , mIio on ditrhing 
of the iiririfl ma\ not h im tinu to don one of the 
suits alri id\ dc si nbed 



The Mork of prevention of immersion foot am 
tiench foot, notablj’' bj^ Speilmin, folloMC m 
same lines of attack I can onlj refei 3 mu to le 
intense^’’ inteiesting MOrk of the Gormans on i 
subject of the effects of exposuie to Mater, c 
scribed in the CIOS reports of the n la^^^ 
investigation of hlajoi Leo Alexander ^ ^ ° 
finding in investigation of enemy science 
that, in general, the Germans had neglec c P 
tective clothing almost completely , an ^ ^ 

failure to put ph 3 Siologists to Mork P 
large part m their defeat m m inter camp 


against Russia 

I have left no time to 


discuss at all the problems 
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of heat evchange in hot conditions, and the out- 
standing i\ork of Robinson, of the Climatic 
Research Laboratory , and of others in this field 
This has been deliberate on mj part I had to 
choose whether to discuss, inadequately, one 
phase of the subject or to discuss both phases, 
aery inadequateh indeed 

It IS my opinion that physiology has made a 
considerable contribution to wartime problems in 
the field of protectne clothing, but wartime con- 
ditions ha\ e made an ea en greater contribution to 


physiology We have learned new facts of physiol- 
ogy, we have been forced to tackle problems of 
great practical importance to peacetime as well 
as wartime living, and to agree on units and 
methods of measurement, we have left our labor- 
atories and learned by actual experience how ave 
can apply our science, and w e haa e the new science 
of field testing It is to be hoped that we will not 
now surrender these gains and retire completela 
to our ivory tow ers, but w ill continue to appla our 
phy siology to the problems of peace 


PROBLEMS OF A^SUAL PHYSIOLOGY DURING THE WAR 

H K HARTLINE 

Johnson Research Fonndatton, t niversittj of Pennst/hanta 


The importance of vision in all kinds of military 
operations makes it meaitable that in time of 
war a great deal of attention should be directed 
toward the inaestigation of visual problems 
The extent and diversity of this w ork during the 
past war make it impossible to cover the entire 
effort in a short review , even if one person could 
possibh be familar with all its phases For this 
reasons a few examples have been selected, to show 
the character of some of the investigations that 
are of particular interest to physiologists 
The examples selected are all concerned with 
lught Msion Night vision, which concerns us 
very little in ordinary life, becomes suddenly of 
vital importance in war time, when artificial lights 
dare not be used freely , and both sides take ad- 
vantage of the cox or of darkness 
One of the first problems considered w as that of 
the selection of personnel on the basis of their 
sensitnitx to light, after complete dark adapta- 
tion The relation between xitamin A and night 
blindness was understood, and survey tests by 
Hecht (Fort Bragg), Liliencrantz (USS Enter- 
prise), and McDonald (Randolph Field) showed 
a wide distribution in sensitixity to light in the 
military population Ilecht drew attention to the 
greater incidence of poor night xosion among en 
listed personnel as compared to officers, which 
might well be related to a less satisfactorx 
nutritional historx The promise of the usefulness 
of selection was not borne out This was the result 
of the inherent difficulties of making reliable tests 
on large numbers of indix iduals in a limited period 
of time “Mass testing’’ was not reliable, in- 
ilixidual testing was too time consuming and re 
quired skilled operators The Canadians were able 
to utilize indixidual testing and our Naxx ulli 
match idoptod indix idu il testing procedures On 
the whole, howex cr, little use was made of testing 


although the effort probably had some value in 
bringing about an aw areness of the possibilitx that 
some individuals could be dangerously lacking in 
ability to see at night 

The detailed reasons for the difficulties encoun- 
tered in night vision testing are of interest to 
physiologists In the first place, vision at threshold 
is uncertain, the “threshold” is not a sharply 
defined magnitude of visual stimulus, but rather a 
range of magnitudes over which the probability of 
seeing varies from zero to certainty There are 
vanous possible x\ ay s of determining the threshold 
to light reliably , they all entail repeated observa- 
tions and patient, cooperative subjects This is 
not entirely a matter of “human xariabilitx ,” in- 
deed with trained subjects this scarcely enters the 
picture at all over the moderately short interval 
of time necessary' to make a fairly extended series 
of observations The main reason for the uncer 
taintx of seeing at the threshold is purely phy sical 
Hecht, Schlaer and Pirenne (J Gen Physiol 26 
81h) in 1942 drew attention to the fact that the 
absolute threshold of xision entails the action on 
the retina of a very small number of quanta of 
light, and that as a consequence the statistical 
fluctuations in the flow of light quanta from an 
object at the threshold of xasibility will cause un 
certain seeing ox er a considerable range of intensi- 
ties These uncontrollable physical fluctuations of 
the energy content of a “constant” light are suffi 
cient to account for the obserxed uncort unty of 
seeing Apart from its interpretation, the recogni- 
tion of the statistical nature of the xisual 
threshold was important in the practical solution 
of many y isual problems 

In addition to this, the obserxer himself does 
exhibit xanabilitx when tested repeatedly it 
intervals of a day or more The source of this is 
unknown, it means that reliable measurement of 
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an individuarB ability to Bpe !it night nnisl in%ohc 
several tests covering a jicriod of ii few da\s 
Rough scieening tests, therefore, are useful onh 
if the standard is set so high that a huge pro 
poition of individuals arc rejected, or if n large 
proportion of “doubtful” cases arc (idled buck foi 
one or more re-tests The waste and nuisiiKe ol 
these requiiemenls more than offset the iiossilile 
value of the selection 

Another factor that iiiijieded the adojition of 
selection methods w is in initi il in ibiliti of those 
concerned with cst iblishing the tests to ign e on 
the natuic of the test I’hj siologists were indimd 
to the view that a simple test of threshold to i 
flash of light, viewed in the jienjihcial retina, was 
sufficient to indicate whet hei theiewasain b isn 
deficienc}' in night vision Those in the milit ii\ 
services prcferied a test more jil iiiih related to 
practical seeing at night, such is ibiliti to re( og- 
nize form at low brightness leiels Xo (bar ( ut 
guiding pimciplc could be ajiiilied and while dis- 
agreement was eompiomiscd rcadih enough, the 
fact that such an apparentlv tiiii il issue could be 
raised and not be resolved In apjieal to bcientifu 
principles could not fail to decrease tonfidenee in 
the value of night MSion testing Subsequent o\- 
periments have shown that most jiropcrtics of 
vision at low illuminations arc stronglj correl itod 
Thus C J Walden, demonstiated a veil high cor- 
relation between the thieshold to a flash of light 
and the ability to detect motion in the usual field 
at low illuminations Form recognition is well coi - 
related with light peiceptiou at \cry low bright- 
ness levels, but at higher levels, still within the 
range of rod function it weakens noticeabh , al- 
though remaining moderateb high Cone function 
was known, from the results of Hecht’s and 
McDonald’s surveys, to be only very weaklj cor- 
related with rod sensitivity On bright nights the 
level of illumination is high enough to permit an 
important contribution frem cone vision, so it is 
clear that a simple light perception test could fail 
to reveal important deficiencies in vision undei 
conditions that are important in militarj-^ opera- 
tions On the other hand, rod vision is still ex- 
tremely important even when foveal vision can 
function for specific tasks, and it would be a mis- 
take to fail to measure the essential night visual 
mechanism in a purported test of night vision' 
The absence of guiding principles in these consid- 
erations IS painfully evident, and the war did not 
foster the kind of research in visual physiology 
that discovers guiding principles 
In connection with the study of night vision 
testing, and the factors influencing the visual 
threshold, it is interesting that no dietary or phai - 
macological methods were discovered for improv- 
ing night vision in the average population Mas- 
sive doses of vitamin A given to an alreadj"- 


n(!( qiiatf'h iiourisli( d grouji lias no ( ff( f I iijion the 
Msiial fliresliold or tin ral(> of dark adajilalion 
Odiisioiial r(porlsw(r( r(((ivfdof tin beneficial 
( IT( ( Is of drugs on mglil \ision Nom of (Ik so was 
subs! inlialf d Siiui onl\ a ffw (jiianla are re 
(piirid for s((ing, It isciiddil lliat no\(rv large 
fulor of iinjiroi enif nt could b( (Xiieelrd lien 
wilhin the limits of iiossibilili , Iiow( ler, (here is 
no r( Il ibh ( \ idem e of am im thods fliat jirodure 
i sigmlaanl lowering of the thrrshold lo light or 
im reuse in the spe e d of dark adiijitation in tr lined 
obse I \ ( rs 

I irh in the inv e stigaliem of the inditarj prob 
le ms of night iisionil bee line ijijiarent that while 
se lee lion was of elubioiis laltie, tr lining in night 
X ision offe re d gre it promist J he jirojierties of the 
night \ isiial me i h inism reepiire different h ihits of 
seeing from daxtime \ision, few jieople haic oc 
( isioii lo (hweloj) skill in seeing in surroundings 
111 it are not well lighted 'J raining max , therefore, 
be exiieeled to me re ise the e ffee tu ericss of per 
sonnel in night oper ilions In this field the plnsio 
logic il iirineiiihs ire well est ibhshed, the dual 
iiiture of re tin d sirueture and fimetioii is well 
understood, ind the peeuliantics of scotopic xision 
hue rcceued intensue stiieh 

The &ubm irine Sen ice of our Xaxx pioneered 
in the (le\ elojiment of procedures for night MSion 
Iruniiig Here the \aluc of night MSion w is xen 
keenlj ippreciatcd, and an excellent course of 
praetieil night xisioii 1 raining, based on sound 
phxsiologic il jinneijiles, w is part of the prepara 
turn of personnel in this brincli of tjic Xax} 

The Canadians were among the first to recognize 
the import incc of training in night xisioii, aiic 
when the Vir Surgeon, General Daxid Grant, re 
quested the cooperation of the Subconiniittee on 
Visual Problems in dex eloping a program of nig i 
xnsual training for the V VF, x\c found nianx sui 
able methods alrcadx perfected bx the R > 
under Dr Evelx n Lxmlx n’s night vision trainer 
xxas adopted, in principle, with minor nio i ca 
tions to suit the somexxhat dilTercnt and more i 
verse requirements of the A 4 F To take charge 
the progiam of night xusion training m the 
xxe XX ere foitunate in haxang in the . 

PI15 Biologists a group of higlilj trained an 
men organized for just such purposes The s 
physiology in the past xxar w ould be far troni c ^ 
pletc xxithout detailed reference to the 
these colleagues of ours xxho joined the ^ 
did an impoitant job undei conditions t la 
often arduous and discoui aging It was 
sponsibility to see that flying peisonne 
erly instructed in matteis mjcct 

phj'^siology under conditions of flight 
of night vision training, therefore, came vi 
province of the Axuation Physiologists * j j( 

XX ell qualified to undertake it, and t lej 
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through with their customary effecti\enes3 To 
prepare them for this work, a group of Aviation 
Physiologists w ere gi\ en a brief “refresher course” 
in the pnnciples of visual phjsiology and some of 
their applications to the problems of seeing at 
night This vas conducted b\ the members of the 
National Research Council Subcommittee on 
Visual Problems, and by personnel from the Office 
of the Air Surgeon From this as a beginmng, the 
Aviation Physiologists quickly developed instruc- 
tional methods smted to their special needs in the 
particular groups to nhich they n ere assigned In 
the last fen montlis of the war large numbers of 
Ar Forces Personnpl w ere being trained in night 
vision 

The importance of mght vision drew attention 
to many very practical problems of protecting the 
night visual capacities of personnel Among these 
IS the problem of the illumination of vehicles, 
ships, and aircraft for operation at mght Rlum- 
ination of vital instruments and controls, of maps, 
etc , IS frequently necessary, any such illumina 
tion cannot help but impair to some extent the 
mght \ision of those who must use it Dark adap- 
tation IS likely to be "spoiled,” glare effects and 
unwanted reflections in wandshields, etc , make it 
more difficult to see faint objects in the darkness, 
outside In addition, escaping stray light may turn 
the \ehiole or ship into a “sitting duck” for the 
enemy These effects can be very greatlj reduced 
b> careful engineenng of the lighting system — not 
that this IS alwajs done, unfortunately Still fur 
ther protection is possible by the apphcation of a 
well-known principle of classical visual physiol- 
ogj , the principle underlying the w ell-know n 
“Purkinje phenomenon ” According to this, the 
maximum spectral sensitivity of the retinal cones 
lies farther toward the red end of the spectrum 
than that of the rods Dlumination is usually re- 
quired in order to make possible seeing that 
requires high visual acu ty, that is, cone vision 
Any degree of illununation that permits the cones 
to function will necessarily stimulate and affect 
the dark adaptation of the retinal rods, which are 
more sensitive than the cones to light of any color 
However, bj the use of red light, this unwanted 
action in the rod mechamsm may be mimmized 
In the rod end of the spectrum, the rod threshold is 
nearlj equal to, or onh slightly less than, the cone 
threshold, while in any other part of the spectrum 
It IS mam times lower Of two types of illumina- 
tion, one red, the second any other color of pre- 
dominantly shorter wavelength, so adjusted to 
give equal bnghtness and hence equal acuity as 
measured by the cone mechamsm, the red lighting 
will appear “darker” to the red mechanism, and 
hence will be less disturbing to mght vision (cf 
Hecht and Yuii Hsin, J Opt Soc Am 36 261, 
1945) Purkinje’s ongmal obsen ation of this effect 


w as made more than a century ago (F zur Physiol 
d Sinne 2 109, 1825) and its explanation in terms 
of the absorption spectra of the photosensitive 
substances in the tw o types of retinal receptors is 
common knowledge in physiology Consequently 
when Professor A V Hill in 1940 called our atten- 
tion to the military and naval problems of illum- 
ination, the fundamental pnnciple to be applied 
was obvious to us, as it was, of course, to him It 
required only the demonstration that the advan- 
tages to be gained by the use of red illumination 
m practice were real, and that no unforeseen com- 
plications arose This we, and numerous others 
independently , w ere able to do for manv applica- 
tions In Canada, Solandt and Best (Canad Med 
Assoc J 49 171, 1943) demonstrated the applica- 
tion to the Canadian Services, and the lead taken 
by them had much to do, I believe, with the 
adoption of red lighting in our own Services 

Our Navy was particularly progressive in the 
use of red lighting in their ships and aircraft, and 
utilized its advantages through most of the war 
Red illuimnation in the interior of ships permitted 
personnel enough light to move about comfortablv 
and see with the necessary acmty, with compara- 
tively slight loss in dark adaptation so that upon 
going out upon unlighted decks only a very few 
minutes would be required to achieve full night 
visual sensitivity The employment of red “dark 
adaptation” goggles in the development of which 
Dr Walter Miles played a large part, accomplished 
a sinular purpose in a wide variety of applications 
(Federation Proc 2 1943) Red instrument illum- 
ination was employed in Navy mght fighter air- 
planes to provide the easiest possible instrument 
-visibility with the least possible disturbance to 
mght vnsion, either by glare or by loss of adapta- 
tion caused by scanning the instrument panel Our 
armored forces, it is my understanding, likewnse 
availed themselves of the advantages of red illum- 
ination for lighting the intenors and instrument 
panels of tanks 

The military use of red illumination to protect 
might -vision w as a direct contnbution from -visual 
physiology Here the guiding principle was clear, 
well-estabbshed and well understood Recom- 
mendations could be made with confidence, and 
applications w ere straight forw ard in many cases 
and ultimately proved their value in practice 

In another example of a practical v isial problem 
quite the opposite was experienced This problem 
concerned the effect of vibration upon the visi- 
bilitv through optical instruments liN ithout going 
into details, it may be said that while vibration 
could be measured, and its effect on the optica! 
image in an instrument computed, there was little 
gamed from this, for there was no rational pro- 
cedure for estimating thenffoct it would have on 
visibilitv Something is known of the laws gov cm- 
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ing spatial sununation of o\cilator> effects from 
different retinal elements that w ould be stimulated 
the erraticallj' moiing image, something is 
knoira of the temporal summation of e\citatorj 
effects initiated at different times Little, how- 
ever, IS known of the relation between them, and 
this knowledge was required for a scientific ap- 
proach to the problem of vibration in optical in- 
struments Until it IS possible to state the prin- 
ciples governing the summation of the excitator} 
effects from one group of retinal elements, stimu- 
lated at a particular instant, with the e\citator> 
effects of another group ncarbj , stimulated at 
some later instant as the vibrating image sweeps 
over them, it will not be possible to gi\c a satis- 
factory solution to the problem of \isibilitj’' of a 
vibrating image Various plausible assumptions 
based on known pnnciples could be made, and w ere 
moderately successful in furnishing appro\imatc 
answ'ers, but visual physiology failed to provide a 
guiding principle and because of this a satisfactorr 


solution of I lie practual problem was not possible 
These evaiiiples gi\ e a fairlj aeeiiratc cross sec- 
tion of the BueeesseH and failures of visual phjsiol- 
ogj aiijilied during the war to practical prolilems 
of seeing Wlierc there was sound understanding, 
well established prinriiiles could be invoked and 
useful applieations made with a minimum of lost 
effort Such' was the case with the principles of 
scotojiK V ision, as afiplicd to night vision training, 
and with the “I’urkinje phenomenon,'' applied to 
the use of red illumination to protect night vosion 
Whore knowledge of fundaimntal principles was 
indistinct or lacking, there was disagreement and 
hesitation in coming to applications of practical 
value, and the emjnrical knowledge hastil) ac- 
quired to answ cr sjiccific jiractica! problems was a 
poor substitute for genuine understanding War 
conditions did not foster the development of the 
trulj scientific aspects of visual phvsiologj , m this 
respect there has been little progress in the last 
fiv c } ears 


PHYSIOLOGICAL CONTRIBUTIONS TO THE PROBLEM OF SHOCK 

MAGNUS I GREGERSEN 

From the Dcfartmcnt of Physiology of the College of Physicians and Surgeons, 
Columbia University, Ncio Yorh City 


The physiological contributions made during 
World War II to the problems of shock have had a 
notably cleansing effect on our concepts of this 
syndrome It is as though the investigations finally 
broke away from the restraimng influence of too 
many theories — some of which had gained a large 
following, and a fresh start made to verify, e\tend 
and evaluate the pertinent facts w ithout bias 
You will recall that in this country, investiga- 
tions of shock received their mam impetus during 
World War I, and continued with considerable 
momentum between the wars The literature on 
the subject grew to fairly staggering proportions 
and at the onset of World War II, much of it was 
in a highly controversial state (1) I recall the dis- 
may which two of my colleagues and I experi- 
enced in 1941, w'hen w e made a search of the litera- 
ture for defimtive measurements of bodily changes 
in human cases of shock Reliable facts w'ere scarce 
and disconnected By contrast we are now in pos- 
session of a wealth of information that has been 
gleaned from several climcal studies earned on 
dunng the wmr Although a great deal had been 
done by 1941 m the w ay of experimental studies on 
animals (2, 3), most of these investigations had 
been directed toward proving or disproving the 
current theories Generally speaking, this is an 
effective way of advancing knowledge, provided 


one docs not commit the error of assuming that one 
explanation necessarily excludes others Perhaps 
the most sigmficant change m our attitude during 
the past four to fiv c years has boon the recognition 
that shock ma}' have sev oral causes and that their 
relative importance in anj particular instance 
depends upon the nature of the injury 

There is no doubt that the war-time researc es 
on shock and its treatment, especially the deve op 
ment of methods for storing w liolo blood, the prep- 
aration of plasma, and the exploration for new 
blood substitutes, have achieved practical resu s 
of inestimable value In my opinion, there has been 
another perhaps less obvious gam w Inch may 
tually have far greater significance That is, t a 
shock can be used as a tool for investigating ® 
effects of tissue hypoxia which, after all, is a un^ 
damental common denominator in many forms o 
disease Experimental shock presents oppor un^ 
ties for creating progressive metabolic m u 
bances of any degree of seventy and for 
their effects on intermediary metabolism an 
functional changes of the capillaries, kidney, i > 

In surveying what has been 
the past few' years, one may observe severs r 
For one thing it is obvious that a ni^ m* ° 
tools and techmques, mainly develope 
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peacetime, have been applied to the problem of 
shock with telling effect These include the direct 
Fick method of measuring cardiac output in man, 
improved techmques for estimating blood \ olume, 
optical registration of artenal and venous pres- 
sures, renal clearance methods, the use of isotopes, 
and a host of chemical methods for analj zing the 
body fluids and tissues These new tools have given 
us a more complete and accurate picture of the 
bodily changes in shock with the result that v. e are 
in a much better position to evaluate certain con- 
cepts regarding the cause of shock 
Without question, one of the most important 
steps that was taken during this war to advance 
OUT knowledge of shock was the imtiation of com- 
prehensii e studies of civilian accident cases (4) 
In due course I hope we shall also have full reports 
of the observations that n ere made on the battle 
fronts Much valuable and fundamental informa- 
tion has been gained from these investigations of 
the physiological changes resulting from vanous 
types of injury in man, and they have given us 
valuable confirmation of the results of animal e\- 
penments 

We have also seen stndes in the character and 
quality of the expenmental studies I refer here 
to the efforts that have been made not only to 
demonstrate that shook as seen in man can be re- 
produced in animals, but also to standardize the 
methods Both are extremely important The 
frame of reference for an investigation of the 
boldly changes associated with a clinical syndrome 
must be the signs and symptoms by v\ hich the sjm- 
drome is defined chmcally Since most investiga- 
tions of e'vpenmental shock have required the use 
of deep anesthesia, we often meet nith great diffi 
cultj in determining the relation of the experi- 
mental findings to the problem in hand Anesthesia 
IS a serious complication It not only modifies or 
masks entirely the signs which constitute the proof 
of the presence of shock, but it also alters the 
physiological response to the injury Wiggers (3) 
has expressed the vuen that a umform anesthesia 
has the advantage that it eliminates the visual, 
auditory and psj chic factors which complicate the 
study I would remind jou however, that these 
maj be part of the factors inv olv ed m the response 
of the orgamsm to in]ur 3 Furthermore, it is er- 
roneous to assume that the establishment of a uni- 
form degree of anesthesia before injury guarantees 
that it remains constant after injurj It is well 
known that the tolerance to anesthetics and to a 
vanetv of toxic agents decreases markedly as 
shock dev clops A partial solution of the diflicullv 
has been achieved by selecting traumatic pro 
ccdurcs (c g muscle contusion) w ith w hieli the use 
of anesthesia can be limited to the period of injurv 
One may then observe the subsequent develop- 
ment of the signs of shock without interference of 


the anesthetic In this manner it has been possible 
to reproduce consistently in dogs the classical 
signs of shock observable in human cases (5) (e g , 
thirst, cold extremities, vanous signs of peripheral 
constriction and reduced blood flow, fall in body 
temperature, central and nervous depression and 
finally coma) In my opinion, the clinical signs 
warrant more attention in expenmental studies 
than they are usually accorded, and I am sure that 
they vvill be given greater attention as vv e become 
more adroit in devising expenmental procedures 
that do not require the use of general anesthetics 
I have encountered several papers in which the in- 
vestigators claimed that the ammals w ere unanes- 
thetized, only to find that repeated doses of mor- 
phine were employed Morphine, even in small 
doses, has v ery considerable effects on the circula- 
tion and its influence on shock is certainly not w ell 
understood On the basis of practical experience, 
medical oflScers dunng the war sounded a warning 
against its routine use in shock 
The groups that assembled under the National 
Research Council at the begiiming of the w ar to 
consider ways and means of accelerating the in- 
vestigation of shock were keenly aware of the dire 
need for standardizing the methods for producing 
shock In 1942, Wiggers stated that “ the ef- 
fort to devise a standard procedure that unfail- 
ingly produces shock seems as hopeless today as it 
was in 1903” (3) Since then notable progress has 
been made Most recent investigators who have 
employed some form of traumatic procedure have 
made very' considerable efforts to control the se- 
venty of the injury and to correlate it vnth 
mortality rates and survival times They have 
also tned to define their methods in sufficient de- 
tail to enable others to confirm their findings Yet 
I do not believe any one would be willing to claim 
that the procedures unfailingly produce shock in 
every instance In order to make this claim, the 
seventy of injury w ould of course have to be ad- 
justed to individual vanations in the resistance to 
trauma In so far as I am aware, the nearest ap- 
proach to the ideal has been achieved with hemor- 
rhagic shock in dogs by a rather simple procedure 
devised by my colleague Doctor Walcott (6) 

A large cannula is inserted m the femoral artery 
under local anesthesia and the dog “bled out” in 
the space of a few minutes One-quarter of the 
blood that has been collected is then immediately 
returned to the circulation Under the expenmen- 
tal conditions defined by Walcott, the ammals con- 
sistently succumbed in shock in about four hours 
The predictability of the results, the simplicity of 
the procedure, and the fact that no general anes 
thcsia is required, has made this method a highly 
useful tool for the investigation of hemorrhagic 
shock in dogs, as w ell as for the precise companson 
of vanous therapeutic procedures 
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The number of melhods lhal lm\c been om- bn*? obwrvtd tbiif (!()>;■! in wbirh the mrnn blood 
ployed to produce shock cxpcumeulnlly 1ms pn ssnre \sas reduced to '10 mm I Ij;; bj histamine 

steadly increased To some extent they represent injedion (10), uen able to walk around the 

attempts to duplicate the tj pcs of mjurj cncoun- laboralon without apparent diflicultj Therefore 
tered in civilian and militarj practice Even if at least in the doK, blood pressure bj it°elf is not 

they only partly satisfy this condition, thej do- a dependable index of the severitv of shock 

serve careful study in order to extend our knowl- T he heniatoenl xalucs and to a lesser degree, the 
edge of the \anet3 of events which niai lead to i>lasnia jirolnn Uvrls an iisu-dh higher inimedi 
shock The differences in response to x anous tx pes ateU after traiiina than during the control period 
of injuiy must eventually form the basis of a more before t thenratioii Tlu s( ehangi s arise from eon- 
refined therapy The traumatic procedures which slnetion of the s^ileon and from the small rcduc- 
have been emploj'ed during the past few j cars in- tion in plasma xolume caused bx ether In the 
elude, tourniquet, crush, compression, contusion, trauma experiments on splr ncctomired dogs, the 
femoral vein ligation, gun-shot wounds, x anous hematocrit xaluc either remains unchanged or falls 
forms of intestinal trauma, freenng, burns, shghtlx Another feature of the hematocrit and the 
“gravitj shock” and nerve stimulation V large plasma protiin xalufs xxhieh at once strikes the 
vanetj of toxic agents have also been employed exe is that thej remain esscntiaUx unchanged dur- 
It seems to me that the value of the studies of such iiig (he post -traumatic period regardless of 
different forms of shock could be grcallj’ enhanced xx hot her the amninl di xdops shot k and succumbs 
by more general use of measurements of cardiac after sex oral hours or fails to dexclop signs of 
output, blood volume and arterial COj, bj xxhich shock and rccoxers These ohserxations were im- 
one can at least make a fairly objective comparison portant to us four j cars ago (5) for thex rex ealed 
of the degree of circulatory failure and metabolic (hat shock could be produced cxpcnmontallj bx 
disturbance trauma xxilhout cxndcncc of progrcssixc homocon- 

There is time here to consider only a few of (he ccntration 

recent findings The general rcsulla xxhich I shall Blood xolume determinations (dje method) m 
present are concerned mainly with experiments on the same senes of experiments showed a) that 
trauma and hemorrhage, earned out by the group the dogs that dex clojicd shock and died had suf- 
inmy laboratory (5) I have also draxxn on the re- fered a loss of 30 to 40 per cent in blood volume, 
suits of the studies of chmeal shock organized at b) that this reduction occurred at time of injury, 
Bellevue Hospital in Nexx York by Dr Dickinson and, c) that the progrcssixc nature of shock xras 
Richards, a cooperative venture involving several not related to a gradual decrease in plasma volume 
groups of investigators (7) (ns postulated by (he thcorj cf generalized capii- 

The procedure xvhich xxe have employed in pro- lary leakage) because (be xolume remained prac 

ducing traumatic shock in dogs (8) is essentiallj' ticnllx unchanged after trauma until the anima 
the one desenbed by Solandt and Best (9) Under died 

surgical ether anesthesia, both hind legs xx ere con- Althougli there has been xx idcsprcad skepticism 
tused xx'ith a light raxxr hide mallet The blows were regarding the validit} of blood xmlume measure 
distributed over the muscular portions of the ex- ments especiallj m shock-like states, recent evi 
tremity to avoid injury to bones, large blood,ves- dcncc has, I believe, answered the most serious 
sels and nerves Soon after coming out of anestbe- questions One source of difficulty is that in shoe 
sia, the animals begin to shoxx the classical signs of the circulation m superficial x'eins is notorious y 
shock. The heart rate climbs gradually, reaching poor Therefore, in order to obtain fair samples 0 
240 to 250 per minute in the later stages of shock the circulating blood, these must be draw n from 

The end is invariably announced bj' a more or less deeper x'^essels preferably from an arterj', other 

sudden sloxving of the beats The blood pressure xxise the dye method or anj' method wall given er 
XX as not found to be a trustxvorthy criterion of the roneous values Intravascular hemolysis, w uc 1 
seventy of shock To be sure the pressure soonei frequently occurs in traumatic experiments on 
or later falls to loxv levels, but this may happen dogs, does not invalidate the plasma dye deter- 
late as well as early For instance, some animals nnnation provided no additional hemolysis is pe ^ 
maintained a mean pressure of 90 to 100 mm Hg nutted when the samples are drawn It has beei^ 
(control 100 to 120), for several hours after them- postulated by some xxorkers that a large frac 
jury, and then suddenly died One dog m xx Inch the of the dye is lost very rapidly after the 
mean pressure stayed at 60 mm Ilg for five to six 1 think this is unlikely in as much as siniultaneo^^^ 
hours after trauma recovered without treatment determinations of plasma volume with dye a^^ 
After simple hemorrhage, the blood pressure may with such entirely different test substances^ 
cohtinue xxell beloxv this value for extended bovine albumin, bovine globulin, and the p 
periods, and the animal have an uneventful re- saccharide Sill yield identical values (11) 
covery Furthermore, my colleague Dr Deyrup, A considerable amount of evidence m 1 
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that there is an unequal distribution of crj thro- 
cy tes in the circulation (12, 13 and others) Accord- 
ing to this, the “bodj hematocrit” is considerabh 
loi\ er than the central arterial or a enous hemato- 
crit and therefore the total blood volume calcu- 
lated from the plasma \olume and from the 
hematocrit a alue would be too large This conclu- 
sion receia ed support from earlier tests aa ith the 
carbon monoaide method (14) and more recent 
ones aa ith the radioactive iron method (15) 

More precise techmques for determimng carbon 
monoxide and other refinements m the CO meth- 
od developed recently (16, 17), disclose that 
there aa ere techmcal errors in the procedures 
emplojed taaentj jears ago aaluch account for the 
low values reported Furthermore, it is noaa recog- 
mzed that the small vessels and capillaries contain 
a relatuelj small fraction (15 per cent or less) of 
all the blood in the circulation Hence, even if the 
ratio of cells to plasma in this region of the vascu- 
lar bed IS considerably beloaa the central hemato- 
crit, this would not greatly influence the esti- 
mation of total volume However, more work needs 
to be done on this problem with the radio iron 
method before n e can definitely decide the exact 
extent to which unequal distnbution of erythro- 
cytes affects the calculation of the total blood 
volume from dye method 
The examination of the disappearance rate and 
mixmg time of T-1824 in a large senes of clinical 
cases (18) of shook reveals , (a) that changes in the 
rate at which the dye escapes from the circulation 
bear little if anj relation to the presence of shock 
but seem to be determined by the nature of the 
injury, (b) that the mixing time is increased but 
not indefimtelj prolonged The average disap- 
pearance rate of the dj e in patients in sex ere shock 
from skeletal trauma and hemorrhage was the 
same as in patients wath similar mjunes but not in 
shock In cases of bums and abdormnal injunes 
wath peritomtis however, the disappearance rate 
was markedly increased, as one might expect from 
the rapid leakage of plasma which characterizes 
these conditions As for the mixing time, the aver- 
age values were as follows (a) Normal subjects — 
9 minutes (b) Patients in severe shock after 
hemorrhage or skeletal trauma — 15 minutes (c) 
Patients xxith hemorrhage in skeletal trauma but 
not m shock — 7 minutes From an analysis of all 
the dye curv es w e came to the conclusion that in 
man the probable error in estimating the blood vol- 
ume from the ten minute sample w as ±2 to 3 per 
cent 

The progress which has been made in the studj 
of the techmcal and theoretical aspects of the 
measurement of blood x olume permits one to pro- 
ceed wath somewhat more eonfidence in evaluating 
the changes that have been observed in climcal 
and expenmental shock As noted abox e, w e found 


in muscle trauma experiments that the dogs in 
shock had usually lost 30 to 40 per cent of their 
blood X olume (8) In climcal cases of shock we are 
at some disadvantage because one cannot compare 
the results with normal control x alues in the same 
patients and must therefore relj on average 
normal values Data from sex eral sources indicate 
that the average normal blood volume in man is 
around 83 cc per kgm or 3100 cc /sq M The in- 
dixndual variations are fairly large, but not so in 
companson w ith the changes observed in cases of 
shock from hemorrhage and skeletal trauma In 
patients judged to be in severe shock at the time 
of admission, the blood volume was wnth few ex- 
ceptions below 55 cc per kilogram or 2000 cc per 
sq M (19) It wall be noted that the degree of re- 
duction corresponds wnth that observed in dogs 
Expressed in another waj , it means that a man of 
average size who displajs unrmstakable signs of 
severe shock after traumatic injurx has lost ap- 
proximately two liters of blood We have here 
direct evidence to support the lesson learned from 
practical experience early in the war that effective 
resuscitation of severely wounded men often re- 
qmres 2 to 3 liters of blood or blood substitute 
Another ohservation which has practical interest 
was obtained from a correlation of the blood x ol- 
ume reduction wnth the number of fractures (19) 
From this it appears that with onlj few exceptions 
the cases with fractures of 3 or more extremities or 
with pelvic fractures have blood volume reduc- 
tions exceeding 30 per cent 

These observations on blood volume in climcal 
cases of shock are m accord with those reported by 
Evans (20) and his associates in Richmond I think 
it should be pointed out also that all of the cntical 
work recently done on blood volume changes in 
both expenmental and clinical shock confirms the 
Onginal studies made nearly 30 jears ago on 
wounded soldiers bj Keith and by Robertson and 
Bock 

In the earlj jears of the war, our Canadian (21) 
and Bntish colleagues w ere unable to substantiate 
the claim that hemoconcentration is a cntenon of 
shock Also in this countrj a good deal of evidence 
has now been accumulated which definitely dis- 
proves the hj"pothesis In the cases of skeletal 
trauma observed at Bellevue Hospital, the values 
for the hematocnt and plasma protein determined 
at the time of admission revealed a trend in the 
direction of hemodilution rather than hemocon- 
centration (19) The same was true in patients 
with hemorrhage except where there was a history 
of exposure and dehydration The only cases in 
which there was consistent evidence of hemocon- 
centration were those with bums and abdominal 
injuries with pentomtis It is clear therefore that 
hemoconcentration is not a cntenon of shock, but 
the result of certain tvqies of injunes w hich inv olv e 
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damage to large areas of the capillarj bed resiilling 
in local selective loss of plasma and retention of 
red cells So far as v c could make out tho reduction 
in blood volume in skeletal trauma as \\ ell as in 
hemorrhage was caused entirely by the escape of 
whole blood (19) 

Before the war there v as relatively little factual 
information on cardiac output changes m experi- 
mental shock and none on shock in man Adxancc 
in this direction has contributed greatly to our 
understanding of the mechanism of shock es- 
pecially because the cardiac output changes have 
been correlated nith scxcral other measurable al- 
terations in the circulation and uith disturbances 
in the respiration and metabolism 
In the ammal experiments referred to abo\ c (S) 
it uas noted that the blood volume remained un- 
changed dunng the post traumatic period \Miat 
then IS responsible for the progrcssi\ c failure of 
the circulation? Repeated determinations nith the 
direct Fick method (5, 22) reveal a stcadj decline 
in the cardiac output, sometimes to onlj 10 per 
cent of the normal control value In the mean time, 
the oxygen consumption graduall} falls to less 
than half the normal value and the artcnal-\ cnous 
oxygen difference increases until in the terminal 
stages it approaches the oxygen capacitj of the 
blood It should also be noted that in dogs the total 
peripheral resistance calculated from the cardiac 
output and the mean blood pressure is x cry much 
increased (3 to 5 fold) 

Thanks to Richards, Coumand and their collab- 
orators who have successfully applied tho direct 
Fick method to man, there is non available a con- 
siderable amount of evidence on the changes in 
cardiac output in chmeal cases of shock (4,7) In 
severe shock, the cardiac output may be reduced 
to less than 50 per cent of the average normal value 
while the A-V oxygen difference is greatly in- 
creased, but the dramatic reduction in oxygen 
consumption recorded in ammal experiments has 
not been observed in man The over-all penpheral 
resistance changes reveal another difference In 
cases of shock from skeletal trauma the peripheral 
resistance was, contrary to expectation, either 
normal or lov, er than normal Tlus is surprising in 
vien of the marked signs of widespread peripheral 
vasoconstnction and the drastic reduction in 
blood flow in at least one interval organ, the kid- 
ney, as revealed by the renal clearance studies 
(23) In cases of hemorrhage, how ever, the overall 
peripheral resistance was somewhat increased 
abox'^e normal For reasons which are not al- 
together clear it w’as markedly high in the burn 
cases even before hemoconcentration had de- 
veloped In patients w ith low cardiac output and 
small stroke xmlume after skeletal trauma or 
hemorrhage, the nght auricular pressure was al- 
ways greatly reduced, often to values below at- 


mosphrnc pressure This defmilelj settles an im 
portnnt point upon wlueh there has been 
disagreement Notow ortiij changes were observed 
in the arterial pressure tracings recorded with tho 
Hamilton manometer The pressure curves were 
charactenred bj a sharp sjstolic rise follow cdim- 
medialelx bj a sudden drop instead of the gradual 
fall obstrx c(l normallj in diastole Hence the mean 
pressure xvould be riuitc close to the diastolic pres- 
sure I'rom correlations of the artcnal pressure 
XMth other evidences of shock, Richards (7) con- 
cluded that "a low arterial pressure when present 
was a good index of shock, but shock can exist even 
in an advanced degree with an artcnal pressure 
level that is normal or above normal ” It was 
noted also that there was a far better correlation 
of total blood volume with cardiac output than 
with blood pressure 

It IS well known that in severe shock tho organ 
ism is notoriouslj sensitive to the slightest addi- 
tional strain on the circulation Withdrawal of 
triv ml amounts of blood or change in position may 
precipitate a sudden fail in blood pressure, loss of 
consciousness and death Indeed this may occur 
quite spontaneously or at least without any ap 
parent reason indicating a high degree of insta- 
bility in the mechanisms that maintain the blood 
pressure Barcroft, Edholm, McMichacl and 
Sharpey -Shafer (24) hav c made a study' of posthe- 
morrhagic fainting in human subjects which may 
cx-plam some of these occurrences They found 
that the nght auncular pressure and cardiac out- 
put often remained unchanged when the blood 
pressure fell and the subject fainted lu these 
cases, fainting was related to a two-fold increase 
in blood flow thorugh muscles (fore-arm bloo 
flow) It was estimated that if vasodilatation o 
this magmtude occurred generally throughout t e 
musculature, it could account for the observe a 
in pressure Sudden changes in the vasomotor one 
may' thus be n terminal ev'ent in some cases o 
shock , 

It w as apparent from the observations ma 
during and following World War I that shoe i 
characterized by severe acidosis In recent y^r 
sex'eral investigators hax'e contributed a grea ea 
to this aspect of the problem by a systematic sur 
vey of the chenucal changes in the blood an 
sues The ex'idence leaves no doubt that e 
duced circulation in shock produces ex e i 
metabolic disturbances (25) In many ’ 

the changes are similar to those found in s ^ 
exercise In both instances, there is a 
between the metabolic demands of t e 

and the oxygen supply In pH of ar- 

IS created by “stagnant anoxia P 

tenal blood goes do^^n, sometimes o 
6 9 The lactate, the pyruvate, amino acid n g ^ 

undergo marked increase Slight increas 
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fate Boem to be related to the duration of anuna 
The accumulation of these fixed acids and the in- 
crease in ventilation reduces the srtenal CO- to J 
or i of its normal value Special studies have been 
made of the magnitude and the mechamsm of the 
disturbance in carbohj drate and protein metabo- 
lism m relation to the degree of injurj and tissue 
hypoxia (26, 27, 28, and others) From these results 
it is clear that chemical changes in the blood con- 
stitute an objectue and quantitatne basis for 
determimng the degree or seventy of shock, and 
are therefore extremelj useful in anj precise in- 
vestigation of the effectiveness of various thera- 
peutic measures 

Serum sodium and chlonde generally remained 
unchanged Nevertheless, these electrolytes par 
ticularly sodium maj , as some in\ estigators claim 
(29), play a larger r61e in shock than is generally 
acknowledged Marked shifts ha\e been noted in 
the tissue electrolj tes (30 and others) Serum mag- 
nesium rose from an average of 1 7 to 3 4 m eq /L 
of H.O (25) No change was found in the serum 
potassium until the last hour before death w hen it 
began to nse, frequently attainmg levels (10 to 15 
m eq /L of HjO) shown to be toxic to the heart 
(31) The acid-base balance sheets in these expen- 
ments (25, 32) showed a slight increase in undeter- 
mined fixed acids The average B-A in the control 
periods was 11 0 and in shook 14 6 Richards (7) 
has reported a change of similar magmtude in 
chmeal cases of shock 

Reference has already been made to a good deal 
of the evidence supporting the earlier w ork of Bla- 
lock, Phemister and others which indicated that 
the blood volume reduction in traumatic shock 
could be explained entirely by local loss of fluid 
into the injured region Unfortunately they did 
not have exact data on blood volume which of 
course w ould hax e clinched their argument Ash- 
worth. Jester and Llojd (33) and Nickerson (34) 
haxe supplied the decisixe facts by showung that 
the swelling in the traumatized extremities is al- 
ways equal to or greater than the loss in blood 
volume Also in expenments on intestinal strangu- 
lation, Evans (35) found the local fluid accounted 
for the reduction in plasma volume Furthermore, 
electroljte and flmd analjses (5) of blood and tis- 
sues in traumatic shock discloses that the local 
accumulation of fluid in the injured regions is ac- 
compamed bj a withdrawal of flmd and electro- 
Ij tes from umnjured tissues The loss of fluid from 
the circulation is clearly limited to the region of 
mjurj , elsewhere fluid and salts are withdrawn 
from the tissues to compensate for the loss in blood 
xolumo These findings do not preclude the pos 
sibility of generalized capillarj leakage occurnng 
in certain forms of shock that are complicated bx 
infection and liberation of bacterial toxins 

The r61e of the nen ous factor in shock has been 


largelj a matter of speculation until quite re- 
centlj In ammals, Phemister (36) has demon- 
strated that shock can be produced by prolonged 
stimulation of the depressor nerves, but it is 
doubtful if this mechamsm has much part in the 
usual forms of shock Stimulation of other afferent 
nerves failed to cause shock unless such stimula- 
tion was combined wuth hemorrhage Swingle and 
his associates (37, 38) have reported suggestive 
evidence that afferent nerves from the region of 
injury contnbuted to the fatal outcome, but un- 
fortunately the expenments are not sufficiently 
well-controlled to make this evidence convincmg 
So far the best expenmental evidence has been 
obtained from a companson of-the residual blood 
volume which gives 50 per cent mortahtj (LH50) 
m a) simple hemorrhage, b) muscle trauma, c) 
sublethal hemorrhage plus afferent stimulation, 
d) and m trauma expenments on dogs in w hich the 
afferent nerve to the hind legs had been previously 
severed In simple hemorrhage, where the nervous 
factor IS absent, the LH50 is 59 1 cc per kilo In 
muscle trauma expenments on normal dogs, it is 
73 4 cc per kilo (39, 40) If a sublethal hemorrhage 
18 combined wath afferent stimulation (sciatic 
nerves) the LH50 is 69 0 cc per kilo When dogs 
are traumatized after severance of the afferent 
nerves to the hind legs, the LH50 is reduced to 64 7 
cc per kilo as compared with 73 4 in normal dogs 
What these results mean is that the afferent im- 
pulses from the injured region reduce the ability 
of the ammal to withstand a reduction in blood 
volume The climeal picture is also distinctly 
modified by the presence or absence of afferent 
impulses For instance, if a sublethal hemorrhage 
IS combined with afferent stimulation of the sciatic 
nerves, blood pressure and heart rate records re- 
semble closely those obtained in trauma expen- 
ments If trauma is earned out in dogs with deaf- 
ferented hind limbs, the general chmeal picture 
and the heart rate and blood pressure records re- 
semble more closelj those obtained after simple 
hemorrhage. 

The idea which for man} j ears guided vanous 
inv estigators in a search for a toxic factor in shock 
was the notion that toxic matenals must be libera- 
ted from the injured region So far the efforts in 
this direction have not been fruitful, but other 
important clues hav e been obtained 

4ub and his collaborators (41) investigated the 
toxicit} of fluids collected from muscles which had 
been injured bv prolonged occlusion of the blood 
supplv The harmful factor was traced to the 
presence of bactena (Clostndia) which are nor- 
mallv found in dog muscles It is also possible that 
bacteria in the gastro intestinal tract mav enter 
the blood stream dunng prolonged penods of 
hypotension In certain tvpes of muscle trauma 
Prinzmetal (42) and his associates found evudence 
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that infection could he ilirp;( f k tor in prodiiciiij, 
shock and death Lilvcwise the lo\i( f iclor in ex- 
periments in nhich shock was produced lij intra- 
peritoneal implantation of muscle viijicars to he 
of hactcrial origin 

The existence of another toxic factor in shock 
has been demonstrated hy studies on the capillarj 
circulation Chambers, Zweifach and their col- 
leagues (43) found that the earlj and 1 itf stagi s of 
shock are characterized bj dermite changes in the 
capillar\ circulation and bj dteration in the reac- 
tivity of the capillaries to einnephrinc Since these 
changes can be produced in test animals bj blood 
from dogs in shock, the factors responsible for the 
phenomena are obviously humoral Schorr, Zwei- 
fach and Furchgott (14) pursued this problem fur- 
ther and have recenth presented e\ideiue that 
earl3' in shock a x asor-excitor material is libcrati d 
from the kidnexs and that in the later stages of 
shock the tissue hxpoxia gnes rise to a xasor- 
depressor material liberated from the luer and 
muscles These investigators ha\ o postulated th it 
the vasor-excitor and x’asor-deprcssor principles 
may be oppositel} acting components of a mech- 
amsm for regulating the circulation through the 
capillanes 

While we are considering toxic factors in shock, 
I would like to suggest a third possibilitx Shock 
produces drastic changes in some of the normal 
constituents of the blood At feast one of these, 
COs, IS important in the control of the xarious 


b()d\ mnriianisnis and the drop in the arterial CO 
niaj itself have deleterious effects on the circula 
tion, eentral nerioiis ajsteni and on intermediary 
metabolism 

Manj important theoretical and practical as 
poets of war-tinic iinestigations on shock have 
been omitted from this brief suriej Tlic therapy 
of slioi k has of eoursf ri ceixed a great deal of at 
tention f sjk ciallj the j)robletn of d^'lermining the 
rclatnc effeetixeness f>f blood, plasma, saline and 
\ irious blood subslitiites in restoring blood xoi- 
iime, and in counter-acting the late cITccts of 
ahock In hemorrhagic and traumatic shock which 
constitiitf the bulk of the clinical cases usuallj 
encounterid, a large reduction in blood volume is 
the initial step in the train of events leading to 
aliock and tlurcfore the main emphasis in treat- 
ment has consistcntlj been upon carlj transfusion 
m adequate amounts However, one must not dis- 
regard the fact that shock can occur in the absence 
of reduction in blood volume and in that event 
other measures are rcriuircd The cause and treat- 
ment of conditions which we at present define as 
“irreversible shock,” simply because the available 
measures hav c faded, present an interesting prob 
Icm, or senes of problems that wall be solved at 
least in part by further study of the structural and 
functional changes in individual organs and tis- 
sues Such information as wo have suggests that 
the causes of irreversibility mav well be ns varied 
in nature as the initial disturbances that lead to 
shock 
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SYMPOSIUM ON SOME RECENT TRENDS IN NEUROSPORA BIOCHEMISTRY 

INTRODUCTION 
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Stanford Unvuerstty, California 


In the last few years it has become endent that 
major contributions m ill be made to our know ledge 
of biochemistry through the g thenng together of 
several of the streams of scientific research into a 
umt that has been called “biochemical genetics” 
Highly sigmficant investigations, firmlj establish- 
ing this new branch of science, w ere begim earlj in 
1941 by Dr George W Beadle and Dr Edward L 
Tatum in the Department of Blolog^ at Stanford 
Umversity The orgamsm utilized for these in- 
vestigations, the red bread mold Neiirospora, was 
selected because of its umque smtability for 
genetic studies, and for its equallj satisfactory 
physiological and biochemical characteristics 
Indeed the orgamsm was chosen on these grounds, 


•Present address California Institute of Tech 
nology, Pasadena, California 


for the purpose of artificially inducing mutations 
which would prevent the biosynthesis of specific 
cheimcal compounds, and for the purpose of re- 
lating such biocheimcal deficiencies to genetic 
constitution The results hav e perhaps exceeded 
the anticipations 

The first paper of this symposium is concerned 
with a review of the genetic and physiological 
characteristics of Neurospora, the general methods 
of inducing and isolating mutants and a bnef 
summary of some of the contributions of the pro- 
gram to biochemistry It is the pnmary purpose of 
the remaimng four papers of the symposium to 
indicate some of the more recent developments in 
diverse phases of the work on Neitrospora The 
matenal included in these papers comes, for the 
most part, from current researches in several 
different laboratones 
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NEUROSPORA AS A BIOCIIEMKJAT. TOOL 


E. L. TVTLM 

1 ale t nttrr'-ili/ 


The biochemist mikes use of a mimbcr of cliem- 
icil and physical tools in In'! in\cstipation of 
metabolic processes The aim of liis iiucstipvtion 
IS to disentangle the complicated tcmiiorvlh an<l 
spatially interrelated bioclichiic il reactions oc- 
curring in the functioning iiitegntcd cell The 
study of cellular reactions and of ciirMius, the 
cellular catalysts facilitating uid directing tlicse 
reactions, has been made iios'sibic through the 
ability of the biochemist to separate iiiduidiul 
reactions from the complex in the cell liN (i) the 
isolation and studj of pure cn7\ me s\ stems or (b) 
the use of chemical poisons or inhibitors ninth 
more or less specificallj pretent the normal fuiic- 
tiomng of particular enzj mes \.s has been pointed 
out many times, either method of attack leucs 
something to be desired in the application of the 
results to the intact cell or org inism The nen or, 
extremely pow erful biochemical technique, the use 
of isotopes, permits a closer insight into the un- 
altered complex biochemical sj stem of the coll and 
of the organism, since its application enables the 
biochemist to trace marked molecules through 
normally operating cell machincri 
More nearly ideal circumstances for biochemical 
analysis would be attained if one could reach at 
will into the cell and alter or inactivate single 
enzymes, without otherwise affecting the cell or 
its functiomng Such specific changes are respon- 
sible for certain exceptional instances, notablj 
alcaptonuna and other heritable biochemical de- 
fects in man and in other organisms These defects 
are presumably due to the absence or inactuitj of 
particular enzymes, in alcaptonuna those con- 
cerned in certain steps in the oxidation of the 
aromatic amino acids The occurrence of these 
oxidative processes and the functioning of the 
enzymes concerned in a normal individual could 
only be recognized on comparison with the metab- 
olism in a defective individual The study of the 
inhentance of this and a number of similar bio- 
chemical abnormalities has led to the view that 
they result from changes in single specific genes 
More important is the complementary concept 
that all cellular and organismic potentialities are 
gene determined — that genes are in dynamic con- 
trol of every step in cellular metabolism This 
approach has led to the hypothesis that genes 
control the production or specificity of enzymes 
(1) If, then, he could reach into the cell and 
change or inactivate single enzymes by changing 
or destroying specific genes, the biochemist w ould 
have an extremely pow erful tool at his disposal to 
aid in unravelling the biochemistry of the cell 


Alfhoiigli w( cannot a*' Mt alter or inactiiatc 
partuiilar genes at will studies with the pink 
lircncl till 1(1 ’Sc'tirospora, initiated several vears 
ago at St inford luiiversitv (2) Iiavc proven that 
gene mutivtums e vnbe inelueed m a random fashion 
in tins organism mid tliat some of tin so gene niiita 
tioiis result in the failure e>f speeifie biochemical 
reactions 

Xeurospora was selected for definite reasons 
Iirst, it IS a bioclicniieallv versatile microorgan- 
ism eapiblc of cirrving on the svnthcsis ot its 
Iiroloplasmic eonstiliients from known substances 
Second, it is an organism which can be easilv 
grown in largi eiinntities bv purclj vegetative 
me ins for biochemie il studv Einallv , and perhaps 
most important, it is ideal for genetic studies, in 
contrisl to most other fungi and to all bacteria 

Nourospori is an ascomvcctc, and its life cjcle, 
as worked out jinmarilv bv Dodge and bv Lande 
gren, nukes it cxteptionallv well suited for bio- 
choniical and genetic studies The fact that it is 
haploid, containing in each nucleus onlj a single 
representative of each of its seven chromosomes 
and therefore of each gene, permits the immediate 
detection of the effect of a gene mutation in a 
strain containing iiuelei of onlv one tjpe Such 
geneticallj homogeneous striins can be rcadih 
obtained bj the isolation of single ascospores and 
the propagation of the resulting strains Since 
Ncurosporn is hetorothallic, crosses can be made, 
and the inheritance of a desired character follow e 
in the offspring Classical genetic methods are 
therefore av’ailablo for the studv ot the genetic 
basis of a character 

In the geneticist's picture of the relation e 
tween gene and enzjme is correct, we might pre 
diet that any enz 5 ’mntic reaction could be affec e 
bj gene mutation Nevertheless, certain tvpes o 
reactions are easier to detect and studj m a larg 
number of individual strains These are reactions 
the failure of which results in the inability o c 
organism to S3'nthesize a substance essentia 
its grow th Such biochemicallv deficient s 
should be readilv detected bj^ their inabi i 
grow in a simple medium adequate for the 
strain The failure of such a synthetic reac i > 
essential for grow th in the simple mechum, wo 
not be lethal if the missing product cou 
supplied in an available form in the 
as can vitamins and anuno acids for many 


isms, from bacteria to man , 

The techmques developed for obtaining a 
tecting mutants of these types in Neurosp 
volve irradiation, then isolation and cultivai 
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haploid strains, and finallj testing the stra,ins for 
grow thin a minimal sjmthetic medium, containing 
tnorgamc salts and mtrogen, a carbon source, and 

OR 

////// 

— 

(avcituat spor^J 



COMPACT a. 

Mro«vM 
^/A vricfntns, 
amine octJa. 


ing perhaps 100 different gene mutations are 
characterized by deficient sj-nthetic capacities, 
each strain reqmnng for gronth an exogenous 
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Fig 1 Procedure of producing and detecting biochemical mutant strains in Neurospora Reproduced 
from the American Scientist bj permission of the author and of Yale VmveTsit} Press 
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Fig 2 Procedure of following the inheritance of a mutant character in Neurospora Reproduced from 

the American Scientist bj pemussion of the author and of Vale Um\ ersitj Press 


biotin (fig 1 ) Strains which are incapable of grow- 
ing m this medium are tested b\ stematicallj for 
their additional requirement 
0\er 90,000 cultures of Neurospora haie been 
isolated from irradiated material and tested in this 
■w aj (3) More than 500 of these cultures represent- 


supplj of a particular ntamin, amino acid or other 
growth factor Strains are now know nwnth specific 
requirements for each of the accepted B-ntamins 
with the exception of folic acid, for most of the 
known amino acids, and forpunnes or pj nmidines 
(4, 5, 6) In certain of these mutant strains, the 
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syntlicBis of p3ndoMn, nboflnMii, aclcnino and 
uracil fail onlj under ccrlnin cnMronnicntnl con- 
ditions of pH or (empcraturo, (4) The roquircincnt 
of each strain is in practicallj' evorj instance for a 
single specific substance The fact that almost all 
tlie mutant stiains so far obtained rcfiuirc known 
substances suggests that relatueh few Mtamiiisor 
ammo acids essentisl for the growtli of Xeuro 
spora remain to be discovered 

To complete the ejele, the g( nelic basis of each 
biochemical deficicnce must be investigated This 
IS done hy following the inlientancc of llic char- 
acter in the progen} resulting from a cross of the 
deficient with a normal strain If the strains grow n 
from the 8 ascosporcs derived from such a cross 
show segregation into equal numbers resembling 
each parent (fig 2), the mutant strain ditTers from 
normal by a single gene In the cases so far ex- 
amined, each biochemical chiracter has been so 
inherited The results have therefore been in ac- 
cord with the predicted 1 to 1 relation of gene and 
biochemical reaction Each single gone mutation 
IS associated with a single specific biochemical 
deficiency, and every biochemicalli different 
strain is also diSerent gencticall} 

If the specific biochemical deficiencies of these 
mutant strains represent alterations or inactiva- 
tions of specific enzymes concerned in synthetic 
reactions, the detailed study of their metabolism 
should permit the closer scrutiny of the predicted 
1 to 1 relation of gene to enzjme Of more imme- 
diate concern to the present discussion is the use of 
such mutant strains as biochemical tools in study - 
mg metabolism Each mutant represents a strain 
in which a genetic monkey w rcnch has been throw n 
into the metabolic machinery of the cell — not 
thrown at random, but in such a way as to affect 
only single specific enzymatic reactions The herit- 
able alterations so produced then permit the 
biochemical analysis of the processes involved in a 
given biosynthesis, by means of a direct biochemi- 
cal comparison of the mutant wuth the normal 
strain 

The biochemical potentialities of such analyses 
can perhaps best be pointed out from a considera- 
tion of the following hypothetical biosynthetic 
reaction sequence 

A > B > 

i I 

enzyme A enzyme B 

I I 

I 1 

I I 

gene A gene B 


C 

gene C 

D — > product 

1 

enzyme E 
( 

I 

gene E 



'I his IS oiiU one of the possible sequences, others 
might consist of conxerging or of diverging «c- 
qucneis 'I li( ( xainjile given illiislrates n possible 
relation of gene to tnrjnie to rr action, and siig 
gists soini of the binchfniital conscriucnccs of 
mutation of gnu f’ to the inactive form c, result 
ing in tlu failure of the rnrrcspoiuhng enrjme C, 
and in tlu ( oiisf tpu nt failure of the conversion of 
intennediatr ( to iirecursor T) Tests of these con 
sequnu es ( an b( used bv tlu gnielu ist as entenn 
for tlu validitv of tlu geiuril eoneepts If thc'C 
concojits an correct tlu bioi bcmist cm use such 
mutant siruiis in tbc studv of biosjnthctic 
react ions 

The mam a«sumptiniis arc 

1 'I be sprii s of biochcniu il reactions m a given 
biosvntlusis involve tbc (oojicration of a co-rc' 
ponding series of enrvincs and genes 


TAIiLi: I 

interTn^Unte^ p hi; mutant rsirj of 


STJ?\JN 

J?rQt.isrursT 

cr rRADLfTD 

! 

nurnic 

wrrR 

tset 

91S5 

Thmniin 

ririmidin(? + thinolc 

12 

ISWS 

Tbiniole 

rjrimidinp 

12 

13 

5531 

I’lxntotUcnic tvcid 

tActono + 0 nlvnine 

10575 

Indok 

\ntliranilic ncid* 

7 

47901 

Dimcthvhmmo 

ctlmnol 

Monometh}! ammo 
cthnnol* 

11 

4540 

Nicotinic ncid 

Unidentified prccur 
or* 

14 


• Substance isolated in pure Blato 


2 Tbc production of each cnzjmc is controlled 
bj a specific gene, with the converse proposition 
that each different gene controls a different 
cnzjme, and consequent!} a different biochemics 
reaction 

The predicted biochenucal consequences, sus- 
ceptible to direct test arc 

1 Any one ov crall sequence can be blocke a 
different biochemical steps as the result of ® 
mutation of different genes 

2 An intermediate appeanng in the sequence 
after a blocked reaction should approxinia e in 
activity that of the final product, and one occur^ 
nng before the block should be completely m 
active, although it would be active for a strain 
with a block earlier in the sequence 

3 The production and accumulation of an in 
mediate as the result of a genetically bloc e 
action might be expected, w'lth the consequ 
possibility of its isolation and 

These possibilities and predictions 
rather thoroughly investigated and tes ® , 

means of mutant strains of Neurospora e 
in the biosyntheses of arginine (7), tryp oP 
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(S, 9), and of choline (10, 11) The synthesis of 
arginine in Neurospora has been shown to occur 
bj nay of ornithine and citrulhne, Mith the first 
demonstration of the operation of an ormthine 
cjcle in plants The sjntbesis of tryptophane in 
Neurospora takes place Ma anthranilic acid and 
indole Anthramc acid has been isolated as an 
intermediate in this sjnthcsis The final coupling 
of indole mth senne to form trj ptophane provides 
a clear evample of the synthesis of an ammo acid 
bj a mechanism other than amination of the keto 
acid Choline is formed by nay of monomethyl- 
aminoethanol in Neurospora, and this inter- 
mediate compound has been isolated as a product 
of the appropriate mutant strain Similarly, a 
precursor of nicotimc acid m Neurospora has been 
isolated but not as jet identified These and some 
of the other evamples of the demonstrated accu- 
mulation of intermediate compounds in mutant 
strains of Neurospora as demonstrated either by 
isolation or bj biological tests are given in table I 

In summarj , the e\perimental evidence so far 
obtained by the genetic and biochemical examina- 
tion of mutant strains of Neurospora supports the 
proposed hjrpotheses as to the relation of gene to 
biochemical reaction and fulfils the expected con- 
sequences of these hjqiotheses The examples given 
amply illustrate the ex^penmental use of Neuro- 
spora as a biochemical tool in the study of bio 
synthetic reactions 

That there are many further potential contnbu- 
tions of Neurospora to biochemistry and genetics 
18 apparent from the foregoing general discussion 
Since some of these applications and potentialities 
Will be considered in detail m the follovnng papers 
m this symposium, thej need only be bneflj' men- 


tioned here An important development is the use 
of mutant strains of Neurospora for bioassays of 
vitanuns and amino acids The single specific re- 
quirement of each strain, the simplicity of the 
assay techmques, and the availabihty of strains 
for the determination of substances such as inosi- 
tol, choline, p-aminobenzoic acid, proline and leu- 
cine are important advantages The possibilities 
of combination of desirable quahties in double , 
mutants produced by genetic methods are also 
sigmficant Recent developments in this field mil 
be discussed by Doctor Ryan 

Several different expenmental approaches to the 
problem of the nature of the relation between 
gene and enzyme have been developed mth Neu- 
rospora The question, fundamentally one of the 
basis of protein specificity — “How does gene 
mutation affect or modify an enzyme?” is raised 
by the existence of temperature sensitixe bio- 
chemical mutants Doctors McElroy and Mitchell 
mil discuss their investigations of punne synthesis 
in Neurospora from this aspect The reciprocal 
question, — "Can gene mutation be influenced by 
altering the enzymatic pattern of the cell?” has 
been investigated by Doctors Emerson and 
Cushing This approach mil be discussed by 
Doctor Emerson 

In conclusion it is worth reemphasizing the need 
for, and potentiahties of, the joint attack on the 
fundamental problems of metabolism and enzyme 
action by the geneticist and biochemist using the 
techniques of both In. this attack, mutant strains 
of orgamsms such as Neurospora add to the bio- 
chemical and biophysical armament of the bio- 
chemist their biological complements, genetically 
controlled biological tools 
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THE APPLICATION OF NEUROSPORA TO lilO \F;SAY 

1 UANCTS .1 R^ \N 

Dcparlincnt of ZooUmn, Columhiit (ntnrr'^tl’i 


The extent to ^\hIch ii mulunt of Nritro'tptiia 
^\lU grov IS usually a function of the single com- 
pound it has been induced to require Tlie gn -iter 
the amount of this substance, tlie liirQir is the 
mycelium produced, the higher the cnnccntratnw 
of the substance, the fabler grow tli t ikes place 
Because of this reUtionslup, A'ciirosporu h is bicti 
used to determine both vitamins and 'iiiiiiio adds 
for W'hich mutants are available As trite rei of 
growth three different responses of the mold h‘i\o 
been measured 

One response is the final mass of mjccluiin pro- 
duced after growth has been coiniiletcd on liqiiul 
medium This response has been used for the de- 
termination of leucine (1) The procedure iiu oK ( s 
the inoculation of the Icucinclcss mutant of A^curo- 
spora into liquid medium containing van mg 
amounts of protein hydroljsatc or of leucine 
Growth IS allowed to progress at 30°C for about 
one w'eek at which time it is complete By the use 
of tared sintered-gloss crucibles for harvesting 
mycelial weights are obtained on given leucine 
concentrations wath a standard deviation of less 
than 2 per cent Over a range from 0 2 to 1 0 nig of 
leucine the standard curve is linear and cm be 
described by an equation 

mg leucine = 0 02335 X mg mj cclium 
Identical standard curves are secured from daj to 
day so that conditions need be checked onlj occa- 
sionally This procedure meets all the criteria set 
up by Snell (2) for establishing the reliabilit} of a 
microbiological assay In addition, proof that it 
measures the leucine content of the medium comes 
from a correspondence of values obtained bj the 
Neurospora method and reliable chemical methods 
(table 1) It should be emphasized that, whereier 
possible, new microbiological assays should be 
tested with proteins for which there exist reliable 
figures obtained by other procedures (3) 

When the Neurospora leucine method was first 
developed it was complicated by the presence of 
adaptations These w'ere cultures whose weights 
did not show the characteristic relation to the 
leucine content of the medium but were higher 
Complete adaptations resembled the wild-type 
mold in grow th while partial adaptations w eighed 
only slightly more than the average weight in a 
comparable series Table 2 gives examples of both 
types of adaptations in a series of similar leucine- 
less cultures grown at 30°C in the presence of 
different amounts of leucine In the assay proce- 
dure the w eights of adapted cultures w ere elimi- 
nated from consideration by an arbitrary statisti- 
cal procedure 


An iiuf stig itioii of ud'iiilotl leiicinelcs-i ciiUiiros 
h'ls show II that th'\ iiri tin r< suit of liie back- 
inutatioii of huiiiuh“s luuhi to the wild-tipe 
(oiidtiioii fl) ’1 he wnplit of in adapted or I) ick- 
imit it( d ( iiltiiri df jn luN in ji irt upon the tune at 
wlmli tin l.ai k unit ition occiirrtd during the 

TMifl I 


/rtiriMf rtin^ttyn fir'll jrrrpyjra't tn* of jroUini trj 

the ^etirvify-trn fomji-rr I y~\th obtained bj 

rr!in’'’r eh'nieal rie'h>U 


rsoTi 1 ! 

1 

1 

j sirrmo 

ctvt 

LEICIVE 

Gdatm 

(1) 

3 5 

Getatir 

i 

Sotiibililj profluct 
(2.’) 

3 5 

Lrk ntbiimm 

\curotpo-a (I) 

9 0 

Eri: nlhumin 

b<ilubilit> product 
(22) 

9 1 

Horse Ijcraoclobin 

^eurotpara (1) 

15 7 

Uor«o hemoRtobm 

Isotope dilutloo (23) 

15 1 

(S lactoKtobulin 

\eurospo'a (19) 

15 i 

0 lactoRtobiitin j 

Isotope dilution (23) 

15 0 


TVDLE 2 

Complete and partial adaptations of leucineless ^eurospoea 


ri-\SK NUMBER 

MC 

irvCELlUM O'* DIFFERENT AMOUNTS 
or LEUCIVE 

0 25 Mg 

0-50 Mg 

100 Mg 

1 

f> 

9 

St 

3 

17 

i: 

5 ! 
4 1 

32 

32 

7 

1 

3 

7 

3 

44 

S* 

32 

9 

4 

5 

0 

7 

g 

7 

10 

20 

7 

3 

21 

St 

3 

1 

10 

17 

17 

17 

IS 

ot 

s 

2 

5 

0 

31 
33 

33 

34 

32 

2 

2 

5 

6 

6 

9 

s 

0 

20 

It 

35 

4 

10 

60 

3 * 

17 

3 



A\ crage w t 
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4 

17 

5 

33 3 


* Complete ndaptotion 
t Partial adaptation 


^^0 

growth of the culture and, consequently, 
length of the period during w'hich it was gr 
like wild-type, independent of stated 

depends upon the chance that a b . *1011 
nucleus will be selected for and form ^ P;P 
of wild-type nuclei which overgrow jj,ch 

This chance is a function of the oompe jggg 

has been shown to occur in a mixture of leucmei 
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and back-mutated nuclei Leucmeless nuclei ha've 
a selective advantage over back-mutated nuclei in 
the presence of leucine TheN can actuallj stop the 
gronth of mycelium nhich has begun to gron 
independently of leucine because of the presence 
of some back mutated nuclei Large mj celial 
masses v ith manj leucmeless nuclei are more un- 
faiorable for the escape of back-mutated nuclei 
than small mj celial masses This explains the 
somewhat lower incidence of mutation on large 
amounts of leucine These factors, then, determine 
the distribution of the weights of adapted cultures 
between the weight of the leucmeless mold and 
that of wuld-type and, hence, explain the occur- 
rence of partial and complete adaptations 

Fortunately, the frequency of adaptation like 
the frequency of mutation is reduced bj a decrease 
in temperature Bj changing the assaj conditions 
from 30°C to 25'’C the percentage of cultures 
which adapt drops from 14 to 3 per cent Since the 
final mj celial w eights of the leucmeless mold are 
the same at these temperatures, runmng the assaj 
at 25° or 20° svmplj reduces the complication of 
adaptation 

Regnery (5) has presented some interesting data 
on the bioassay of intact protein molecules for 
leucine by allowing leucmeless Xeurospora to de- 
grade the protein bv its ow-n digestive mechamsm 
His prelimmary values indicate a complete re- 
coien of leucine from casein This direct proce 
dure needs further investigation 

Another dry weight method which is precise and 
apparently rehable has been developed b> Doer- 
mann (6) In manj w ays this is similar to the leu- 
cine method but since the Ij sineless mutant of 
Neurospora is specificallj inhibited bi argimne 
this amino acid must be remo\ ed bj precipitation 
as the silver salt or bj' destruction w ith argmase 
Ncurospora dry weight methods are also available 
for the assaj of pyndoxme (7, S, 9, 10), p ammo- 
benroic acid (10), inositol (10, 11, 12), choline 
(12, 13, 14, 15) and biotm (10, 14) These methods 
differ m many details from the Neurospora leucine 
method and also among themselies For example, 
most ini estigators find it satisfacton to harvest 
the mold by fishing it from the liquid, pressing it 
betw een filter paper and drj mg it w ith heat How - 
ever, this method has not been found satisfactorj 
for all purposes in all hands and the use of sin- 
tered glass crucibles dned in a vacuum over cal- 
cium chloride is sometimes preferred (16) Never- 
theless, most of these methods liave been used bj 
at least two independent investigators and are 
claimed to be satisfacton iVll of the dn weight 
methods theoreticallv depend upon the final 
mv celial weight being a function of the amount of 
required substance in the medium The mold 
grows until the limiting substance is depleted In 
the case of the leucmeless mutant, when the final 


weight of mycelium has been produced on a limit- 
ing amount of leucine, the stenle-filtered medium 
will not support the growth of a new inoculum of 
leucmeless mold unless further leucine is added 
The growth curve in liquid medium is such that a 
good approximation of final growth is made at 
30°C on the higher leucine concentrations onh 
after about 6 days For the duration of incubation 
in the leucine assay 8| davs was chosen (1) Ap- 
parently because of the shape of the grow th curv e 
of the Ivsmeless mutant, Doermann (6) found that 
a reduction m the variabilitj of his assaj could be 
achieved bj increasing the period of incubation 
from 3 to 7 daj s It is likelj that the precision of 
other Neurospora assays, which range m accuraev 
from ±2 to ±20 per cent, could be similarlj im- 
proved if speed can be sacrificed The precision 
that can be obtained by the drj w eight method is a 
defimte advantage The other major advantage is 
the simplicity of the procedure The medium is 
simple and such factors as the inoculum age and 
size often need not be accuratelj controlled Since 
the result is primarily a function of amount of 
limiting substance, and not concentration, manv 
factors maj vary within broad linuts 

As the second criterion of grow th the rate of pro- 
gression of mutant Neurospora has been measured 
on an agar surface This method has been used for 
the assaj of p-aminobenzoic acid The mold can 
either be grown in petn dishes, w here the diameter 
of the colony is measured (17), or m special hori- 
zontal tubes half-filled with agar (18) The inocu- 
lum IS introduced at one end of the tubes and the 
position of the growing frontier is marked on the 
tubes at vanous times When distance covered is 
plotted against time a straight line is produced, 
the slope of w hich is the rate of grow th The rate of 
growth is indefimtelj constant because the fron- 
tier IS continuallj transplanting itself onto fresh 
medium The rate of grow th of mutant strains of 
Neurospora is a function of the concentration of 
required substance in the medium When the rate 
of grow th is rapid, and it mav sometimes be as high 
as 5 2 mm /hr , the precision of duplicate runs is 
verv high Butonverj limiting concentrations of 
a reqmred substance the vanabilitv maj exceed 
±15 per cent (see also (6)) Further investigation 
mav tell whether this variation is inherent in the 
method 

The newest method for using lYeurospora to 
determine growth factors involves the germina- 
tion of asexual spores or conidia This work has 
been done m co-operation with Dr Erwin Brand 
of the College of Phj sicians and Surgeons Conidia 
from, for example, a prolmeless mutant remain 
inactiv e for a matter of dav s unless some prolme is 
provided in the solution When prolme is present 
the comdia genmnate and extend finger-like 
hj'phac which arc easilv discernible under the 
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valor immersion lens of a microscope Tlic per- 
centage germinated is a function of both lime and 
proline concentration When measured at a given 
time, such as 3 hours, the relationship shown >n 
figure 1 IB obtained The per cent germination is a 
function of proline concentration Tins resjionsc 
IS very sensitive In figure 1, 02 7 proline/ec 's 
being measured but, since oiilj enough fluid for 
examination under the microscope is recpiired, 
0 1 cc volumes are routinely used Hence as little 
as 0 02 7 of proline is actually being meabured 
This is not nccessarilj the lower limit of the ib«i 3 
for speed and sensitivitj arc invcrselj related 
The vanabilitj' of these pciccntagcs is Icbsthm 
±5 per cent and is largelj a function of errors m 
sampling conidia for examination The age of the 
comdia and their concentration influence the rate 



Fig 1 The relation cf germination of comdih of 
the prolmeless mutant of Neurosjpora to the con- 
centration of proline m the medium The measure- 
ments were made after 3 hours at 25°C 

and amount of geimination and must be carefuHj' 
controlled Thus far w e have found it advisable to 
run a standard curve with each com dial assaj 
Results with comdia from the lysineless and the 
leucineless mutants of Neurospora are similar to 
those shown in fig 1 for the prolmeless mutant — 
the rate of germination is a function of the con- 
centration of the material these mutants have been 
induced to reqmre 

The advantages of this method are its sensitiv- 
ity, precision and speed But there is a complica- 
tion Other aimno acids exert a non-specific inhibi- 
tion of germination not only of mutants but also 
of the wild type mold which reqmres no exogenous 
ammo acids for growth For example, fig 2 show's 
the inhibition of germination of the w'lld-tjlie 
mold by various mixtures of ammo acids Thus it 
appears that eqmmolar amounts of glycine or 
mixed ammo acids from /3-lactoglobulm exert 
equal inhibitory effects The same is true for ammo 
acid mixtures contaimng only argimne and glu- 
tamic acid Apparently the mhihition is a iunction 


of the molar concentration of ammo acids and not 
dependent upon anj specific ammo acid Gljcinc 
itself IS as inhibitory ns a mixture of ammo acids 
Conseipif ntlj , in order to determine the leucine 
conftnt of /? lacfoglobtilin, a molar concentration 
of ghdiie (fjual to the molar concentration of 
ammo acids m the /3 laetoglobuhn h\drol 3 Eate 
bung 'lssa^ed, was introduced into the standard 
leueme solutions The rf suit was a leiKine content 
of 15 3 jier i ent IVlu n a ^ lactoglobulm-hke ammo 
anil mixture was mcorporatf d in the standard, 



Fig 2 Tlic jier cent germination of wild tNqie 
comdia 111 \ari(nis mixtures of ammo acids Pluses 
represent gonnination in the absence of ammo 
acids Ojicn squaies rejirosent germination of 
spores in the jirescncc ol 25 5 7 of lijdroljzed 
/S -laetoglobuhn per cc Solid squares represent 
germination m a mixture of amino acids made up 
to duplicate 25 5 7 of hjdroljsate per cc (19) 
Open circles represent germination m 76 4 e of 
113 droll red /3-lactoblobuhn per cc Solid circles 
represent germination m the presence of 38^7 oi 
hydrol 3 'zed /5-lactoglobulm per cc plus an amount 
of gh cine (25 3 ) equal to the moles of anuno acid 
111 another 38 2 7 of jS-lactoglobulm 

15 2 per cent leueme was obtained, when glutamic 
acid and argmme w ere incorporated m the proper 
molar concentration, 15 4 per cent was obtaine 
These values are similar to the 15 4 per cent leu 
cine found m /3-lactoglobulin by the Neurospora 
dr 3 ' weight method (see table 1) Hence, it is es 
tabhshed that the conidial assay procedure is 
reliable w hen ammo acid inhibition is nulhfie 3 
the incorporation of glycine in the stan ar 
solutions . 

The solution of the problem of mhibitmn y 
other ammo acids is obviously facilitated by our 
know ledge of the complete ammo acid composi ion 
of j 3 -lactoglobulm (19) The question 
whether it can be solved in the conidal assa 3 
proteins whose composition is unknown T 
at least three ways of solving thiB pioh-cm. 
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■first IS to incorporate in. the basal medium a con- 
centration of glycine so large that the addition of 
■other inhibitory amino acids in the protein hj dro- 
lysate have no appreciable further effect upon 
germination This, in principle, is what is done in 
amino acid assays by the use of the lactic acid 
baotena Figure 3 show s the inbbition of Neuro- 
spora germination by different amounts of glycine 
The asymptote is not reached until gernunation is 
inhibited about 90 per cent Therefore, incorpora- 



Fig 3 The per cent germination of comdia from 
the leucineless mutant of Neurospora after 5 hours 
at 25°C in the presence of 1 'r 1(+) leucine and 
vanous concentrations of glycine 

tion of about 75 7 of glycine per cc of basal medium 
■would result in a per cent germination so small 
that the assay ivould not be feasible A second 
solution would be the determination of, for ex- 
ample, the per cent proline at different lei els of 
protein h3 droll sate The higher the concentration 
of protein hj'drolysate the greater the inhibition 
and the smaller the per cent proline found When 
such data are plotted as log per cent proline 


against hydrolysate concentration it is possible to 
extrapolate the straight line obtained back to the 
zero protein hydrolysate level Such an extrapola- 
tion should intercept the per cent proline axis at 
the true percentage of proline in the hydrolysate 
We have attempted to use this method but find the 
precision of the comdial assay to be insufficient 
for an accurate determination of the leucine con- 
tent of 13-lactoglobulin The third solution of the 
problem of ammo acid inhibition is the same as 
wras used for the determination by comdial assay of 
the leucine content of ^-lactoblobuhn, ivhose am- 
mo acid composition is known The average resi- 
due weight of most proteins vanes very little, 
about 2 per cent among fourteen proteins for which 
this value was obtained from the literature (20, 
21) Therefore, the molar concentration of amino 
acids present in hj drolj sates of the same amount 
of most proteins would be appro-amately equal 
For the comdial assaj of leucine in 11 8 r of ^-lac- 
toglobulin per cc 7 9 7 of glj cine per cc are in- 
corporated in the standard solution It should be 
possible to assay similar amounts of other proteins 
bj introducing similar amounts of gljmine into the 
standard solutions From Fig 3 it can be seen that 
in the range of 8 7 of glycine per cc relatively 
large differences in gl>cme concentration wnll not 
result in sigmficsnt differences in per cent germi- 
nation At the present time, in collaboration with 
Dr Brand the possibilities of this approach are 
being examined 

In summary, there arc three general methods for 
using Neurospora to determine ■vitamins and 
ammo acids The drj weight method has, in the 
largest number of instances, been shown to be 
simple, precise and reliable The rate of growth 
method is relativelj unexqilored The new comdial 
assa3 method is the most sensitive and rapid The 
entire assa3 can be completed in a day and it will 
determine as little as 0 01 7 of amino acid Pre- 
hminar3 investigations indicate that it is precise 
and reliable 
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ADENINE-REQUIRTNG IMUTANTS OF NEUR03P0RA CRASSA‘ 
HERSCIIEL K MITCIIELE am) MAIIY R HOULATIAN 
Front the School of Biological Sctcncc^, Stanford hmicrnlg, California^ 


Although ftclcnnic and some of iti doru ai\p‘i 
have been known as constiliunts of biologiral 
systems since 1850 (1), the biological ineelianihina 
of fabrication of these compounds ha\ e remained 
obscure Early work In Rose and Cook (2) indi- 
cated that the purines ansc ns mcfabolie products 
of histidine but more recent w ork b^ 15 irncs and 
Shoenlieimcr (3) has demonstrated tiiat histidine 
IS not used directly bj rats for the biosj nthesis of 
adenine These investigators have also shown that 
ammonia nitrogen rcadilj enters into tissue 
purines and that the purines exist in a d>naniie 
equilibrium with a "labile nitrogen pool” in a 
manner analogous to certain amino acids (J) 

The isolation, in this laboratory, of fortj-fiac 
independently occurring mutants of Ncuroepora 
crassa that have growth requirements for adenine 
or related compounds, has presented an excellent 
opportunity for further studies on the mechanisms 
of biosynthesis of these purines In addition, some 
of the strains arc useful for bioassaj purposes The 
methods of production of these mutants, the tech- 
niques and value of genetic anal> sis, and the manj 
biocheimcal applications of Ncurospora mutants 
have been summarized in recent review s bj Beadle 
(5, 6) and m a paper by Beadle and Tatum (7) 
One of the adenine requiring mutants (number 
3254) has been desenbed by Pierce and Loring (S) 
Experimental Basal medium The composition 
of the basal medium used for Ncurospora has been 
presented a number of times, but is reproduced 
in table 1 for convemence The trace element 
solution IS made up of the following compounds 
dissolved in one liter of distilled water sodium 
tetraborate, 88 mgs , ammonium molybdate, 64 
mgs , ferric chloride, 500 mgs , zinc sulfate 7H»0, 
2 g > cupnc chloride, 270 mgs , manganous chlo- 
nde, 45 mgs 

Stock cultures may be maintained on this med- 
ium supplemented with adenine and solidified 
with 2 per cent agar Better sporulation is ob- 
tained on a modified medium supplemented with 
yeast and malt extracts, vitamins, and hjdrolyzed 
casein (7) 

Qualitative growth — All forty -five mutants have 
been tested qualitatively for grow'th on the basal 
medium supplemented w ith one of the compounds 


1 This work w as supported by grants from the 
Nutrition Foundation and the Rockefeller Foun- 
dation 

■j" William G Kerckhoff Laboratories, California 
Institute of Technology, Pasadena, Calif orma 


ndeiiitu, Ii\ p{)\aiitiiine or guanine Ail respond to 
adeniiK , ail liiit two (11206 and 11115) tohj'pox'in 
tiiine and none to guaiiiii' None of tlic mutants 
grow on a mixture of the Ivtiown 15 vnlamins or on 
h}drol%red cns( in Tliirti eight of tlie mutants 
were trsiffl on a mrdnini supplemented wath 
uroc'inu and (imularole nirjlir acid) and all 
faiii d to grow 

On tlie basis of growtli eliaractenstics and pre- 
liininan genetic analjses, ciglit of tlie mutants 
were «;elected for detailed inicstigations The 
isolation nuinbiTS of this group are 3251, 27053, 
2SG10, 35203, 11200, 11111, 70001, and 71101 Ml 
ciglit strains utilize adenine, adenosine, adenosine- 

tahle 1 

Conrotilion cf Dainl lltdwn 

\mmonium tnrtra'o 
Ammonium nitrate 
Pota-amm di lijdroRpn phonphate 
Mnijnesmm auUnto 
Calcium elilondo 
Sodium elilondo 
Sucrcec 
Biolm 

Tmeo elements solution 
Distilled water to 


5 06 
1 06 
1 06 

0 56 
0 1 6 
0 1 6 

1506 
5 0p6 

1 0ml 

1 outer 


hosphatc, adcnosmc-5' phosphate, adenosine 
triphosphate, cocnzjmc I, coenzjTiie II, 
tleic acid, desoxjnbosc nucleic acid In ad i- 
n, all except 44206 utilize h 5 poxanthine, ino 
e, and inosine-3' phosphate Compounds tes e 
it did not promote grow th of any of the eig 
tants were histidine, urocamc acid, 
mine, guanosine, parabanic acid, unc r 
mtoin, alloxan, alloxantme, uro\anic aci , 
tcil, cytosine, tbjmine, di-pyruvildiureioe, 

:a, pj'ruvic acid, oxalacetic acid, beta-a ' 
ilic acid, barbituric acid, oxyadenine,’ The 

le-nboside and 2-oxy,6,S-diaminopunne 

t three compounds w ere obtained throug 
idness of Dr Joseph R Spies (21) 

'Quantitative Growth — Growth curves ® ° 

5 response of the eight mutants liste a o 
enine are presented in tig i 

• Lonng and Pierce (S) reported that 
uld be replaced by oxyademne for 
>w'th of mutant 3254 Doctor Lonng gen 
rmshed a sample of the active 
had obtained from Buell (22), and a e 
.n of .t. obsorption spectrum demo»el»« 

P WRS ademne rather than ox-yade 
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quite reproducible for each strain Reisolations of 
3254, 71104, and 44206 by outcrosses to wild type 
did not change the growth charactenstics All of 



1 3J5* 1 <4206 

2 27663 8 70004 

3 26610 
4. 3S203 
6. 44411 
6 71104 

Fig 1 Growth curves of eight mutants of 
Ncurospora The curves were determined for an 
84 hour growth period at the temperatures noted 
in the figure 


TABIE 2 

Comparative activities oj adenine hifposanlhine and the 
corresponding nucleotides and nucleosides 


fiTRAIN 

TCII 

TZSLA- 

TOTZ 

•c 

BOTms 

OF 

GBOWTH 

Compounds 

MOI.S EQmVALENT TO 1 MOL OF 
ADENINE FOR GROWTH 

Adeno* 

sme 

Adeno 
sme 3' 
Fbos 
phate 

Hypo- 

xan 

tbme 

lDO<uce 

Inosi 

ne3 

Phos- 

phate 

2S610 

25 

Bt 

1 07 

1 60 

0 SS 

1 10 

1 60 

2S610 

25 

130 

1 02 

1 25 

1 00 

1 03 


5S610 

35 

El 

1 04 

1 30 

0 98 

1 07 


41206 

35 

84 

1 00 

1 10 

0 0 

0 0 

0 0 

27663 

25 

84 

1 10 

I 33 

1 00 


1 25 

35''03 

25 

84 

1 09 

1 37 

1 02 


1 30 

44411 

25 

84 

1 OS 

1 OS 

0 OS 


1 25 

:oow 

35 

84 

1 05 

1 00 

0 97 


1 2i 

TllCH 

25 

84 

6 00 

5 50 

1 80 


4 CO 

3534 

25 

84 

1 80 

2 00 

0 94 


2 60 


the mutants respond to adenine nucleotides and 
nucleosides, and seven respond to the correspond- 
ing dcn\ ati\ es of hv poxanthme The comparativ c 
acliv ities of these compounds are giv en in table 2 
Vctmticsare given m terms of moles of compound 


required to give the same growth as one mole of 
adenine under conditions defined in the fable 

Genetic Analysis — Two general methods are- 
available for determining genetic differences in 
Neurospora The first is dependent on hetero- 
caryotic (9, 10) or symbiotic growth of 1,wo mu- 
tants placed together in a culture medium that will 
not support the growth of either mutant alone 
Resulting growth under these conditions indicates 
that different biosynthetic reactions are blocked 
in the two strains Growth results when stenle 
basal medium is inoculated with comdia from 
strains 28610 and 27663 The reraaimng 43 mutants 
were inoculated in combination with each of the 
above two in 20 ml of medium contaimng 0 03 mg. 
of ademne This quantity of ademne is sufficient to 
allow germination of the spores but only a very 
small amount of mycelial growth, thus producing 
optimum conditions for imtiating symbiotic or 
heterocaryotic growth Of the total number of 
mutants, five grew in combination mth both 2S610 
and 27663 and are thus different from both Twenty 
one strains grew in combination mth one but not 
the other of the controls, indicating that each of 
these may be a genetic duplicate of 2S610 or 27663. 
The remaimng seventeen strains failed to grow in 
combination mth either control Since some- 
genetically different strains do not grow symbio- 
tically, these mutants cannot be classified by the 
experiments 

The eight mutants discussed in the section on 
quantitative growth, when crossed to the parent 
mid-type strain, yielded normal eight spored asci 
mth four mid-type and four mutant spores in 
each At least twenty asci were isolated from each 
cross This is a sufficient number to demonstrate 
a high probability that each mutant differs from 
the parent strain by a single Medehan umt or gene 

Appljung the second method of genotype deter- 
mination (11, 12, 13, 14) the eight mutants selected 
were then crossed in all combinations among them- 
selves and the results are presented in table 3 
Asci mth tn o or four wild-tyqje spores demonstrate 
mutation of different genes in the two strains 
crossed A high ratio of asci contaimng eight 
mutant spores to asci contaimng mid-type spores 
indicates that the mutated genes of the tv o strains 
have nearly the same locus on corresponding 
chromosomes If no mid type spores are obtained 
form a large number of asci it is necessarj to con- 
clude that the mutants crossed represent the same 
genotJTie so far as can be determined by the 
genetic method As an added check on the v alidity 
of the results tabulated, a double mutant was 
taken from an ascus from each cross and in turn 
crossed to the mld-typc parent The two onginal 
mutants wore then rcisolated The data obtained 
by the above means were insufficient for genetic 
analysis m the crosses 27C63a X 442064, 4420GA 
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X 44411a, 35203A X 71101a, and 27Gr)3a X 70001A 
Spores were therefore isolated at random from 
these crosses The first case ga\c five nild-typc 
spores from G33 spores, the second gave 83 mid- 
type spores from 212 spores, and tlic third gave 7 
■uild t 3 TDCS from 137 spores Genetic difTcrcnces are 
indicated in all three cases A double mutant was 
isolated in the first two cases Seven hundred and 
fifteen spores were taken at random from (he 


TABLE 3 

Summetry of crosses of eight odenxne mutants among thrmseltes 


STRAINS CROSSED 

NUMDER 
OP ASCI 
on 

SER\T D 

ASet 
WITH 2 
WILD 
TYPE 
SPORES 

Asa 
vvtTn 4 

WILD 

TITr 

SPORES 

1 

AVCl 

1 wmr S 
MtrrA T 

1 sroPFs 

3251a X 27Gtt3A 

17 

4 

8 

G 

3254a X 28G10A 

15 

8 

5 

1 

3254a X 38701A* 

7 

1 

G 

0 

3254a X 44200A 

20 

4 

12 

4 

3254a X 44411A 

10 

14 

1 

4 

3254a X 70Q04A 

17 

8 

C 

3 

3254a X 71 104A 

20 

1 

8 

11 

27G63A X 2S010a 

11 

3 

G 

O 

276G3A X 38700a* 

10 

3 

3 

4 

27GG3A X 44200a 

0 

0 

0 

9 

27663a x 44206A 

40 

0 

0 

40 

27663A X 444Ua 

13 

7 

n 

4 

27663a x 70004A 

25 

0 

0 

25 

276G3A X 71101a 

13 ' 

1 

5 

1 

G 

O 

28610A X 35203a* 

4 

2 

0 

0 

28610A X 44206a 

14 

7 

1 

5 

28610A X 44411a 

14 

8 

2 

4 

28610a X70004A 

3 

2 

1 

0 

28610A X 71104a 

12 

1 

7 

4 

35203*a x 44205A 

4 

1 

1 

2 

35203*a x 44411A 

10 

0 

4 

0 

35203*a x 70004A 
35203* X 71104 

44206A X 44411a 

6 

0 

0 

2 

1 

0 

4 

44206A X 70004a 

16 

1 

0 

14 

44206A X 71104a 

10 


5 

4 

44411A X 70004a 

14 

8 

2 

4 

44411A X 71104a 

18 

10 

4 

4 

70004A X 71104a 

0 

4 ' 

1 

2 

3 


* Purplo mutants of tho somo gonotypo 


fourth cross (27663a X 70004A) without obtaining 
a wild-type strain Although these two mutants 
differ physiologieally (temperature sensitivity) 
as will be shown later, they appear to carry allelic 
genes 

The data from these genetic experiments demon- 
strate that seven genotypes are represented among 
the eight mutants that were subjected to a thor- 
ough analysis By analogy with previous work on 
Neurospora these seven genot 3 ^es correspond 
to seven different biosynthetic reactions that 


lend lo (lie formation of adi nine or its biological 
eqiinalent 

Dtrtinclivr Chnraclrrt'tlic’i <»/ Mutanlt — The 
grow til of three of the mutuits is mariccdlj de 
jicndciil on tcinperntiire Mutants 11200 and 7(X)61 
grow in the nbsencf of ndtnino, lietwccn the 
temperatures of 10° and 20°C ncarlj as well as 
dots a wild-tjiie strain Vdcninc is sjntlicsizcd 
bj the strains during growtii in this temperature 
range, a fact rh monstrated b\ isolation of adenine 
ns a pure compoiiiul and 1)\ bioas^aj using one of 
(he adenine rer|Uiring imitaiits In the temperature 
range of H°G to J0°C tie sr. two mutants are not 
able to carrv on biosjnthesis of adenine and 
grow th beromts a function of the quantity of the 
purine suiijilied, as shown in the curves of fig 1 
Limited ability for iithcsiring ademne can be 
d( nionstrattfl in the intermediate temperature 
range of 2G° to 33°C Mutant 323 ( is also tempera- 
ture sensitive, but onlj in that it grows verj 
poorlv at 33°C even on an excess of adenine 

Strain 71101 jiossesses the abilitj to synthesize 
part of its adenine requirement at both 25° and 
35°C The curve given in fig 1 represents a growth 
period of four davs at 33°C This curve shifts a 
great deal with time, with an increased sensitivity 
to adenine in a longer grow th period That this is 
due to a svnthesis of adenine, is demonstrated by 
the following experiment Strain 71101 was grown 
for 7 davs on 300 ml of basal medium supple- 
mented with 2 0 mg of adenine The resulting 
mjcelium weighed 2 3 gm (drj) and contained 
9 5 mgs of adenine b> bioassaj with mutants 
4420G and 2SG10 

Mutant 35203 and its genetic replicates (four in 
number) produce, during grow th, a bnlliant red- 
purple pigment The color-producing character 
segregates in crosses involving these mutants 
along with the single gene, ademne requinng 
character The purple mutants giv^e all pu^p n 
progeny when crossed among themselves Ama^- 
mum quantitj of pigment is produced by ® 
strains when sufficient adenine is supplied to give 
about half maximmn grow th With excess adeim^^ 
only a small amount of pigment is formed e 
colored material appears first as a highly so u e 
pigment, but in older cultures it appears large 
as red-browm or black granules in the myce lum 
Granules maj be observed undergoing browmia^ 
movement in the mycellial vacuoles In this ® , 
insoluble form quantities may be obtained as ig 
as 15% of the dry w eight of the mold 
ments and others to be described indicate t 
pigment arises as an abnormal metabolic pro 
from a labile adenine precursor that accumu a 
as a result of the genetic block in ademne syn 
SIS The chemical nature of this compoun wi 
considered in a subsequent ,„f,r „„„ 

special importance to note that mutant 
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also produce the purple substance under appro 
pnate conditions e\ en though it does not nomiallj 
do so The pigment is formed in this mutant when 
It 18 groMTi at 37'’C in the presence of j east e\tr ict 
that contains a suboptimal amount of adenine 
The aaeld of colored matenal is far less than in the 
mutants represented by the genot^ pe of 35203 
Btosynthcsts of adenine — The biosynthesis of 
adenine cannot be discussed n ithout a considera 
tion of the corresponding nucleoside and nucleo- 
tides Indeed, as has been indicated by recent 
investigations,’ at least the last sjnthetic stop 
takes place mth the nbosides rather than nith the 
purines themselves In the absence of more e\- 
tensne information biosjnthesis will be dealt 
mth in terms of formation of adenosine 

It has been mentioned above that mutant 4420C 
^f'nd its genetic duplicate 44415) utilizes adenosine 
^ and not inosine, while the other mutants of the 
group can use either with equal facility It is 
therefore evident that strain 44206 is deficient in 
an ability to aminate inosine to give adenosine 
and this mutation must therefore represent the 
last stage in adenosine svntliesis However, such 
a reaction requires a considerable amount of 
energy, and it cannot be determined at present 
whether the mutation is concerned directly with 
amination or with a coupled system supplving 
the necessary energy for animation 

\s has been show n in an earlier section, the com 
pounds tested that do not contain adenine or 
hypoxanthine do not promote the grow th of any of 
the seven mutants of different genotypes These 
compounds include guanine, guanosine, \anthine, 
histidine, and urocanio acid Numerous attempts 
have been made in an effort to detect the accumu- 
lation of adenosine precursors that might result 
from the genetic blocks of the seven different re- 
actions indicated by the genetic analyses Since 
such accumulation has not been observed it is 
concluded that the intermediate compounds are 
biologically labile or are not formed in detectable 
quantities 

Genetic evidence has indicated the existence of 
seven reactions leading to the biosvnthcsis of 
adenosine Such reactions may fall in a consecutive 
order or in converging senes Some evidence on 
this point has been obtained by utilization of the 
pigment producing properties of double mutants 
of the purple strain (35203) and a non purple 
strain Results are given in table 4 

The existence of non purple double mutants 
suggests that the two reactions concerned fall in a 
senes with the reaction leading to pigment forma- 
tion coming second The fact that the pigment is 

• Unpublished work in this laboratory has shown 
that lYctirosporo contains adenosine deaminase 
but not adenine deaminase 


produced by the double mutant 35203-44206 can be 
explained either on the basis of reactions in senes, 
with the reaction blocked in the purple strain 
coming first, or on the basis of reactions of con- 
verging senes Since the single mutant 44206 
can produce the pigment under appropnate con- 
ditions and since this strain does not utilize hyqio- 
xanthine, the first suggestion appears to be the 
correct one 


TABLE 4 

PiffTMTit jiroduciion by double mutants 


DOUBLE MtTTAVr 

25 C 

35 C 

2S610 and 35203 

non purple 


27663 and 35203 

non purple 


«411 and 35203 l 

[ non purple 


70004* and 35203 

purple 

non purple 

44206* and 35'>03 

1 purple 

purple 


• Temperature sensitive mutants 


The known facts concermng the mechamsni of 
adenosine biosynthesis in Neurospora may be 
summanzed as follows 

70004 

27663 

44411~^ Precursor 35203 ^ 

2S610 „ 

Purple Pigment 

Inosine 44206 Adenosine 

Strains 3254 and 71104 cannot be defimtely placed 
in the senes The chart indicates only the arrange- 
ment of the mutants m a senes of biosvnthetic 
reactions and does not refer to the number of 
steps in each conversion In addition the mutants 
27663, 2S610and 44411 presumably represent differ- 
ent biochemical reactions but no data are yet 
available to indicate the order for the reactions 
controlled bv these strains 

Bioassatj for Adenine — Mutants 2S610 and 44206 
arc suitable for bioassay purposes By utilizing 
both of these mutants it is possible to detemune 
adenine (44206) and adenine plus hypoxanthine 
(2S610) Such an application is presented in table 
5, for the determinations of these two purines in 
samples of nucleic acids The nbonuclcic acid was 
obtained from Eastman Kodak, Rochester, New 
Tork and the dexoxy ribonucleic acid (fish sperm) 
was obtained through the generosity of Dr Hubert 
S Lonng, Stanford University, California The 
as'^avs were earned out on both hydrolyzed and 
intact nucleic acid HvdroUzed samples were 
prepared bv heating the nucleic acid sample at 
100°C for one hour with 50 parts of a solution 1 \ 
in HCl and 10 X in formic acid, according to the 
procedure of Graff and Maculla (15) These assays 
are cony cmentlv earned out bv addition of sam- 
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pies, m 1 ml or less of water, to 20 ml of h'lS'il 
medium contained m 125 ml erlenmo\or flasks 
The medium is inoculated with one drop of a tliluto 
conidial suspension from the appropriate mutant 
strain A control senes containiiip from 0 1 to 0 S 
mg of adenine is prepared for each assa\ E\am- 
ples of these growth curies arc giini m fig 1 
After the appropriate period of tunc it 25° (2SG10) 
and 35° (44206) the nn celial pads arc remoi ed w ith 
forceps, squeezed out on filter pajicr, dried on 
cardboard trays at S0°C , and wciglied Tlic 
adenine or adenine plus hipoMiithinc content of 


Sc\ oral tissues ha\ e lieen assai ed for adenine plus 
hj poviiithine using mutant 23610 The lijdroI>sis 
procediirr of Graff and Manilla (15) was utilized 
for preparation of saniplrs The tissues were 
Indroh 7( d at lOOT' for oik hour with fiftj parts 
of 10 hidroehlone and \fter evaporation to 
dnness tin nsidue w is redissohed in water, 
neutralized v ith potassium hirlroxide and diluted 
for iissu These results an gnr n in table 0 
Disrnssion Ilariii s and Sehocnhoimcr (1) have 
(lomonstr ited th it ure i and histidine do not take 
a dim I p irt in thi' bios\ nthesis of adenine in rats 


T VBLE 5 

Adenine and hypoxanthincin nucleic acidi* 


UATTRIAL 

CROUTTt 

rrmoD 

j 

MC^ rmr 1 
or aut t r 
ru ij\po 

X'stiii r 

IirCO\TRY 
rrR ervT 

23610 

i rrn 

c or 

ADI VIVE 
^^206 

RECOVERY 
rER CEVT 
41’06 

1 Ribonucleic acid 

3 

■m 


20 


2 Ribonucleic acid 

5 



Cl 


3 Ribonucleic acid 

• 

ISO 


S3 


4 Ribonucleic acid-H> drolj-zcd 

3 

IDO 


90 


6 Ribonucleic acid Hjdroljzcd plus 300 tnga /g ademne 

3 

4St 

95 

330 

so 

6 Ribonucleic acid-Hj drolyzcd plus 300 mgs /g lij poxanllime 

3 


104 



7 Sodium desoxynbonucleate 

3 



35 


8 Sodium desoxynbonucleate 

5 

CO 


OS 


9 Sodium desoxynbonucleate 1 

4 

SO 


81 


10 Sodium desoxynbonucleate Hj drolj zed 

3 

125 


SS 


11 Sodium desoxynbonucleate-H>drol>'zod plus 300 mgs /g ademne 

3 

407 

94 

310 

76 

12 Sodium desoxynbonucleate Hj drolj zed plus 300 mgs /g h> po 






xanthine j 

3 

419 

OS 




• Assuming a tetranucleotide structure for the nucleic acids the ribonucleic ncid should contain lOo mgs of adenine per g and the 
eodium desoxynbonucleate 102 mgs of adenine per g 


TABLE e 

Adenine plus hypoxanlhine in tissue extracts 


1 

MATERIAL ASSAYED 

1 

MG ADENTNX PLUS 
HYPOXANTHINE PER 
GM (dry weight) 

Rabbit liver 

5 2 

Rabbit leg muscle 

6 6 

Rabbit kidney 

8 0 

Habbit brain 

1 6 

Swiss chard 

2 8 

Neurospora (wild type) 

6 2 

Yeast extract 

11 0 


each sample is determined directly from the con- 
trol curve It is advisable to use several different 
dilutions of the same sample to give mold grow th 
corresponding to different points on the control 
curve 

Mutant 28610 is satisfactory for the determina- 
tion of ademne plus hypoxanthine in tissues and 
raw materials Strain 44206, however, is inhibited 
by materials produced during the hydrolysis of 
many tissues No satisfactory method has yet been 
devised for removal of these inhibitory substances 


and pigeons, and the experiments on Xeurospora 
mutants are in agreement with these findings 
In addition, guanine, uracil, thjmine, cjtosine 
and xanthine do not plaj an ob^^ous role m the 
scheme of ademne synthesis in the mold It aP" 
pears probable that Neurospora does not contain 
an enzyme capable of catab zing the dismutation 
of xanthine to uric acid and h 3 ’poxanthine thoug 
it has not been demonstrated that xanthine pene- 
trates the cell membrane of the mold In any case, 
there is no evidence for the existence in Neuro- 
spora of a purine metabolic sj'stem involving 
histidine, xanthine and uric acid such as is foun 
in higher animals and it w ould appear that the tw o 
essential purines, ademne and guamne, anse from 
different and not closely related systems 
That the purple pigment is a reaction pro uc 
of an intermediate in adenosine biosynt esis 
rather than the intermediate itself is shown by t e 
fact that the substance does not support e 
growth of any of the mutants that have 
genetically distinguished However it is 
that the colored material is intimately relate o 
adenosine synthesis since the ability to pro uce 
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color segregates in crosses mtli the adenine gron th 
requirement In addition, it is significant that 
several double mutants each involving the purple 
strain are incapable of producing the pigment 
This finding can be reasonably interpreted bj 
assuming that the mutations of the non-purple 
strains cut off the supplj of matenal necessarj for 
the synthesis of the pigment Sjmthesis of rela- 
tivelj small quantities of pigment bj mutant 44206 
may be interpreted as a backing up of precursors 
down the sjnthetic chain to the extent that the 
equilibria are in favor of formation of some of the 
colored compound Evidence based on the growth 
requirement (adenine but not hypoxanthme) 
places the 44206 mutation following the reaction 
blocked by the purple mutant (35203) and is thus 
in accord with the above interpretation 
A discussion of the temperature sensitivitj as 
well as partial blocks in synthetic ability (mutants 
44206, 70004 and 71104) must an ait further investi- 
gations Several apparent manifestations of these 
two phenomena in Keurospora mutants have been 
described cholmcless (16), riboflamnless (19), 
pyndoxinless (18), and arginincless (19) 
Investigations on the use of the Keurospora 
mutants for bioassajs for ademne and hypoxan- 
thine are not complete but preliminary data are 
presented It appears that strain 2S610 is satis- 
factory for use in assaj s for ademne plus hjpovan- 
thine but the inhibitors encountered in using 
strain 44206 necessitate further inxesti gallons 
before this mutant mil be satisfactory for ademne 
assays However, both of these strains are avail- 
able for application to assay problems 
The unexpectedly high values found for the 
hypoxanthme and ademne content of nucleic acids 
cannot be adequately interpreted since the pre- 
parations cannot be considered as pure chemical 
entities Although mutant 44206 gives ademne 
values approaching the calculated adenine content 
of the nucleic acids recoveries of added ademne 


are poor and assay data obtained mth this mutant 
can not be considered sigmficant The high values 
found using mutant 28610 (ademne plus hypoxan- 
thine) can be due to impure nucleic acid prepara- 
tions or possibly they are correct, and knowledge 
of nucleic acid structure is insufficient Evidence 
IS against the suggestion that mutant 28610 re- 
sponds to components of nucleic acids other than 
ademne or hypoxanthme since the other knovm 
aglycones have been shown to be without effect 
Greenstein and Chalkley (20) have shown that 
tissues contain enzymes capable of deaminating 
the punnes of intact nucleic acids, thus indicating 
that hypoxanthme may be a natural component 
of the nucleic acids 

SmiMARY 

1 Forty-five independently occurring mutants 
of Neurospora have been shown to require ademne 
Forty-three of these mutants also utilize hypo- 
xanthine but none utilize guamne Eight of the 
mutants were investigated more thoroughly and 
all failed to use on guanosine, unc acid, xanthine, 
histidine, urocamc acid and fifteen other com- 
pounds that might be considered to be related to 
the punnes 

2 The nucleosides and nucleotides of the active 
punnes as w ell as some more complex denvatives 
are utilized by the mutants 

3 Genetic analy sis of eight of the mutants has 
demonstrated seven genotypes and further genetic 
and biochemical expenments have shown that at 
least three of the genotypes represent different 
reactions in a consecutive senes leading to the 
formation of adenosine Inosine has been shown to 
be a precursor of adenosine 

4 Mutant 28610 has been satisfactonly utilized 
for bioassay s for ademne plus hypoxanthme The 
use of strain 44206 for ademne bioassay neces- 
sitates the development of methods for remov- 
ing inhibitors that are found m extracts and 
hy droly sates 
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ENZYME STUDIES ON A TEMPERATURE SENSH’D E MUTANT OF 

NEUROSPOR'V 

WILLIAM D McELUO^i* wo IIERSCULL K MHCHELL 
From (he School of Biological Sninci'^, Stanford b nn rr'^itn, Cdhfornin 

Recent reviews h^ Bcidlc (1) (2) hiue buin- T ho unit mt sde* ted tor tluse iiue'ttiKnlinns 1ms 
marized accumuHlcd evidence whieli has led to heen nnntioind hriefh in a jireMoiis rejiort (G) 

the conclusion that most chcniieal reactions in This strain (11200) is iin ihle to (oneert the purine 

living organisms arc controlled In speci he gents h\po\ intliim to adenine 1 his scemingh simple 

It IS presumed th It a gie en gone ser\ cs as a model reaction iiuohes the suhstitiition of an imino 

in determining the configuration of one enrMue group for an owgen atom in the si\ position of 

and that this enzjine in turn acts as a eataUst foi punne Tlowtaer as implied li\ the work of 

one reaction or tipe reaction Although it has been behmidt (7), the n action is one requiring con- 

assumed that the artificalh induced mutants of siderable energ\ , and it is therefore not iinrcason- 

A^ewrospora (3) (4) arc unable to sj nthesizc siiccific able to iiostiilati the existeme of an unstable 

growth substances because of a gene inactuation intermediate, in which rase more than one enr^nlc 

and a corresponding enzjmc deficiencN , the jirob- would be invoked The problem is further com- 

lem has not been approached from the standpoint plicated bv the fact that vdeninc c\ists in living 

of investigations on the specific cnzjmes involved organisms in nianv chcmual combinations borne 
Since the demonstration of the absence of an of the possible interrcl itionships of these sub- 
enzyme in a mutant would constitute onlv nega- stances to hv povanthine derivatives are indicated 

tive ev’idence of the gcne-enz>me relation, certain as follows 

Vdcnjlic acid Other adenine 

j f derivatives 

ji jr 

Inosmic acid Other hv j)o\anthinc 

deriv itivcs 

temperature sensitiv'e Ncurospora strains (5) (O' \t 35°C strain 1420G utilizes onlj the adenine 
appeared to present the most suitable material for derivatives, and it therefore appears probable 
study In one temperature range these mutants that the reaction in question takes place with onlj 
have nearly the same capacity for biosjmthesis as one of the derivatives, ic, the uncombined 
the parent wild type strain, but tliej are unable to purine, the nucleoside, or i nucleotide 
carry out one specific reaction in another tempera- Expciimcntal Giowth characlcristics of strain 
ture range In terms of production of enzjTnes, 44£OG The growth requirements and methods of 
several explanations of this phenomenon are culture for mutant 4420G hav e been desenbed (6) 
possible The specific effects of temperature on the growth 

1 A gene is altered by mutation in a mannei of this strain are indicated in figure 1 During 

such that an enzyme with an abnormal tempera- growth at 25°C , adenine svnthesis bj the mutant 
ture sensitivity is produced Ims been demonstrated, but above 35°C the ability 

2 A gene is altered in such a way that it no to make this compound is completelj lacking 

longer functions over the entire temperature r inge Grow th of the mutant at 35°C in the presence of 
of growth of the wild tjpe mold different quantities of adenine is shown m figure 

3 The organism has alternate pathwajs for 2 (curve A) At this temperature the adenine 
sjmthesis of the required growth substance, and supplied is used up in about three dajs, but, as 

these systems operate in different temperature shown in figure 1, even an excess of adenine fads 

ranges In this case one system is completely to stimulate the mutant to grow as much as the 
inactivated ^ parent wild type mold New strains obtained 

through outcrossing the mutant to wnld type ha 

1 This work was supported by grants from the the same growth characteristics, indicating tha 

Nutrition Foundation and the Committee on the poor grow th is specific to this particular strain 

Food Research of the United States Army Quar- However, it has been shown that addition of t e 
termaster Corps ammo acid (1) histidine to the basal mediutn re- 

= National Research Council Fellow in Biologv , suits in a sparing action with respect to the uti iza 
present address Department of Biologv, Johns tion of ademne or adenosine Histidine is me ec 
Hopkins University ive for grow th promotion in the absence o a e 
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rune This effect is indicated m figure 2 (cur\ e H) 
Twenty other amino acids were tested separatelj 
and none of these produced a like result, though 
methionine and homocystine produced a small 
inconsistent effect Urocamc acid (imidazole 



Fig 1 Temperature sensitiiiti of mutant 
14206 The data are taken from fi\e experiments 
using an 84 hour groiv th period in 20 ml of me- 
iium Curve S represents mid tjpe Acwrospoio 
Curves 1-7 represent the following concentrations 
of adenine in mgs per 20 ml of medium 1-0 0, 
2-005,3-02,4-06,5-1 0,6-20,7-30 



Fig 2 Growth curves of mutant 44206 Curve 
A — Adenine Curv e H — Adenine plus 4 mgs of 
(1) histidine per culture Curve H M — 4demne 
plus 4 mgs of (1) histidine and 4 mgs of (1) me- 
thionine per culture Temperature SS^C 

aciylic acid) was without activntj In spite of the 
marked action of histidine the total maximum 
growth of the mutant remained abnomiallv low 
Since ademne plus hjdroljzed casein promoted 
grow th comparable to that of the mid tjpe strain, 
other ammo acids w ere tested in combination mth 
histidine and adenine Methiomne and homoevst- 
mo produced a marked stimulation (fig 2, curve 


H 51 ) Cjstinehada slight effect, but other amino 
acids were inactive These included isoleucine, 
leucine, valine, trj'ptophane, arginine, threonine, 
Ijsine, phenylalanine, alamne, asparagine, glu- 
tamic acid, aspartic acid, gljcine, proline, hy- 
drovj'proline, senne, tjrosme, norleucine, and 
norv aline 

The combination of histidine and methiomne 
produced no stimulating effect on the utilization 
of ademne by ademneless mutants that have the 
capacity' for converting hy'poxanthine to adenine, 
1 e , strains 28610, 70004, and 35203 (6) 

Ademne deaminases of Ncurospora It has been 
indicated that the blocked reaction in mutant 
44206 IS concerned w ith the amination of hv povan- 
thine or a derivative thereof to give adenine or one 
of Its derivatives Since considerable work has 
been done on enzymes catahzing the reverse 
reaction (punne deaminases), investigations of 
enzy mes of this tjTie w ere undertaken as a pnmary 
step in studies of the gene enzyme relation in the 
temperature sensitive mutant 44206 Enzy-me 
preparations were made as follows Mold was 
grow n for enzy me extractions in fiv e liters of basal 
medium (4) (6) containing 0 15% calcium carbon- 
ate After inoculation w ith comdia from the appro- 
priate strain the mold was allowed to grow under 
forced aeration for 5 to 6 dav s at 25“C At the end 
of this time the medium had evaporated to ap- 
proximately one liter The mold w as remov ed by 
filtration through cheesecloth and the medium was 
discarded Following maceration in a Wanng 
blendor the mycelial mass was diluted with two 
volumes of 1/16 M disodiuni phosphate and al- 
lowed to autoly ze for 16 hours at 25°G The pulp 
was then filtered off and discarded The filtrate was 
adjusted to a pH of 7 4, and the resulting flocculent 
precipitate was removed by centrifugation The 
resulting clear supernatant liquid was utilized as 
a source of deaminating enzymes \arious other 
procedures were less satisfactory (7) (8) 

One ml of this crude enzv me preparation vv ill 
deaminate approximately 1 mg of adenosine m 
1 hour Purification of the enzyme can be effected 
by adsorption of impurities on charcoal (norite) 
or permutit while the enzvme remains in solution 
Lead or alcohol can be utilized for precipitation 
of the adenosine deaminase, but the crude pre- 
parations w ere considered more suitable for pre- 
liminary investigations 

Deamination was determined by bioassav using 
mutant 44206 to measure unreacted ademne and 
by the spectrophotometnc method of Kalckar (9) 

A modification of the latter method for application 
to pH and temperature studies of adenosine dcami - 
nase from Aspergillus onjzac has recentlv Ix-en 
described (10) 

Adenosine IS rapidlv dcaminatcd bv the enzyme 
preparations from mutant 44206 and from the wild 
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type Ncurospora (Abbot 4A) Adenosine 3' find 
5' phosphates arc also dcammatod but at a much 
slower rate, while adenine remains unchanged by 
the enzyme preparations The rate of deamination 
of adenosine at various hydrogen ion concentra- 
tions is recorded m figure 3 These experiments 
were carried out at 35°C in 1/15 hi iihosphnto 
buffer using a concentration of adenosine equi- 
valent to 0 5 mg of adenine per ml of enzxmc 
preparation (0 99 mg adenosine per ml ) The 
rates were determined from a plot of the jicrcent 
deamination against time During the carb phase 
of the reaction (20-30%) the plot gi\es a 
fairly good estimate of the rate, since this part 



Fig 3 pH optimum of adenosine deaminase 
from Ncurospora Rate is given in terms of gg of 
adenosine deanunated in 10 minutes by 1 ml of 
enzyme preparation The reactions nere carried 
out at 35°C 

of the curve is essentially linear The percent 
reaction at various times n as determined spectro* 
photometncally 

The optimum pH for adenosine deaimnase acti- 
vity was found to be approximately 7 2 This 
optimum has been found the same for various en- 
zyme preparations of different degrees of purity 
and agrees with the optimum of blood adenosine 
deaminase described by Conway and Cook (11) 
No difference was found between the pH optimum 
of the enzyme isolated from the wild type organism 
and the temperature mutant 

The activity of adenosine deaminase at different 
temperatures has been determined using the pro- 
cedure desenbed above Phosphate buffer (pH 
7 2) was employed Figure 4 records the results for 
both the wild type and the mutant deaminases 
The figure represents an average of three experi- 
ments for each of the deaminases The slope of 


the straiglit line ol>(ninrd b> a log plot of the 
deaniinalion rates against the reciprocal of the 
absolute temperatun gnes a value for the activa- 
tion cncrgi of approximatelj 12,000 calorics per 
mole for both, nhilc the value of the energy of 
inactivation is around 00,000 ealorics No differ- 
ence was notfd belutin the (iizymrs from the 
jntilnnf and those from the wild t>pe organwm 
The ojilimuin temperature for the deaminase is 
npproximalclv lO'C Temperature riirves at higher 
and lower h\drogen ion concentrations revealed 
a slight sliift in the optinniin, but again no notice- 
able diffcreiict could be demonstrated between the 
mutant and tlic wild tv pc organism 
Temperature and pll chararlcnsties for a 
deaminase of \ ( itrotporn acting on adenosine 3'* 



Fig 4 Temperature optimum of adenosine 
deaminase from A curospora Rate is given in terms 
of us of adenosine deaminated in 10 nunutes by 
1 ml of onzjmo preparation The reactions were 
earned out at pH 7 2. 

phosphate are identical with those of the adeno- 
sine deaminase, and it appears likely that t e 
nucleotide is rapidlj depliosphorylated and t en 
deaminated as adenosine No differences, m t is 
respect, w ere found betw een the enzyme prepara 
tions from wild type and mutant 44206 

In order to test the hypothesis of presence o a 
heat labile gene in strain 44206, the mold was 
grown at SI'C on basal medium contaimng 50mgs 
of ademne per liter This temperature was main 
tamed throughout the process of enzyme prepara 
tion Deaminase activity was found to be o 
same as that of preparations from the moli^ grown 

at 25'’C _ 

Ademneless strain 28610 (requmng ademne or 
hypoxanthine) yielded enzyme preparations 
deaminase activity identical with that from wi 
type and 44206 

Discussion From the data presented i is ® 
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dent that the adenosine deaminase e\tracted from 
mutant 44206 and from nild type N'eurospara are 
not sigmficantly different This enzvme is pro- 
duced by the mutant nhen growth takes place 
either at 25°C orat37°C Furthermore, iVeurosporo 
does not contain ademne deaminase and probably 
does not contain adenjlic acid deaminase Thus, 
it appears that the deamination, and presumably 
the anunation, takes place at the nboside level 
It has not been possible to carry out the amina- 
tion process tn mlro and, since the kinetics of de- 
amination are such that a considerable amount of 
energy must be supplied for the re\ erse reaction, 
it appears probable that the mutation has affected 
a coupled system or a completely different sy stem 
rather than the one studied The gron th-stimulat- 
ing effects of histidine and methionine are of 
special interest in this regard These ammo acids 
do not affect the utilization of ademne by other 
NeuTospora mutants that require this punne, but 
do ha'v e the capacity to carry out the conversion 
of inosine to adenosine It appears possible, there- 
fore, that the system responsible for inosine 
araination also has some function in the meta- 
bolism of histidine and methiomne It is to be 
noted that adenine corresponds to an imino acid 
rather than an amino acid and no oxidation or 


reduction need be involved in the conversion of 
hyiioxanthine to ademne 

It was demonstrated bv Rose and Cook (12) that 
the feeding of histidine to rats increased the excre- 
tion of punnes, though the more recent work of 
Bames and Schoenheimer (13) casts considerable 
doubt on any direct relationship of histidine 
metabolism to ademne formation It is possible 
that a spanng action by histidine on ademne 
utilization, such as is found in the Ncurospora 
mutant, is significant in this regard 

SUMMABT 

1 ffeurospora contains adenosine deaminase 
but no adenine deaminase Adenylic acid is prob- 
ably deaminated through dephosphorylation and 
action of the adenosine deaminase system 

2 Although strain 44206 is unable to aminate 
inosme to give adenosine, the adenosine deaminat- 
ing enzyme is produced in a normal quantity by 
the mutant This is evidentlv not the enzyme 
affected by the gene mutation in strain 44206 

3 Histidine and methiomne have a marked 
stimulating action on ademne utilization by 
mutant 44206 It is suggested that the mutation of 
this strain affects a nitrogen transfer system that 
has a common function in the metabolism of ade- 
mne, histidine, and methiomne 
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ALTERED SULFONAAIIDE ANTAGONISM IN NEUROSPORAi 


STERLING EMERSON and JOHN E CUSHrNG= 

KeTclhoff Laboratories of ihe Biological Sciences, California Institute of Technology 


When microorgamsms are cultured on a sub- 
strate which barely supports growth, it frequently 
happens that the organisms become adjusted in a 
way M hi ch permits enhanced growth The original 
retarded growth may result from the inabihtv of 
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the orgamsm to utilize the substrate in its nutri- 
tion, in which case the appearance of more rapid 
growth frequently indicates that the organism has 
developed the capacity to utilize the substrate 
In other instances the original poor growth may 
bo the result of the toxicitv of the substrate, m 
•which case the adjustment permitting increased 
growth usually involves some change m the phys- 
iology of the orgamsm which overcomes the tox- 
icity of the substrate In this paper we shall use 
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the term “adaptation” to indicate all such changes 
in response of orgamsms to environmental condi- 
tions, regardless of the mechanisms that maj be 
involved in the different examples 
To understand the nature of anj one adnptne 
change it is nccessarj' to knon just how the phjs- 
lological set-up in the organism has changed Wo 
should like to know if a new mechanism, presum- 
ably enzymatic, has developed, if an existing 
mechamsm has been stepped up to a more eflicicnt 
level of actmty, or if an existing mcchaiiisin has 
been altered in its specificity, (c g a change in the 
substrate specificity of an enzjmc) Further we 
should like to know which, if anj , of such changes 
can occur without any change in the genetic back- 
ground of the cell, which can occur onlv with an 
accompanying genetic change, and, if both alter- 
natives exist, whether or not the two arc in anj 
way related And finally we should like to know 
w'hether any of these changes result directly from 
the presence of the substrate, or are the result of 
accidental changes, genetic or otherwise, which 
are observable only in the presence of the 
substrate 

The studies to be reported leprcsent a part of a 
program aimed at an understanding of the adapt - 
ive changes to sulfonamides occurring in the 
ascomycetous fungus Nmrospora Because of the 
numerous analogs, diffenng in chemical configura- 
tions, the sulfonamides offer an opportunit j for 
studying the specificities of the changes occurring 
NeuTospora was selected as the organism to studj 
because its life cycle and cultural characteristics 
make it admirably suited to a genetic analysis of 
such changes In this first report our principal aim 
IB to desenbe the method of approach to the gen- 
eral subject 

Intboductori considerations and xiethods 
Growth Cuivcs as Indicators of Adaptive Changes 
The tube method of Ryan, Beadle and Tatum 
(1943) for the study of growth rates in Ncurospora 
IS convenient for obserxnng changes in growth 
rates and in the character of the grow th resulting 
from the response of the organism to the substrate 
used In this method tubes of suitable lengths are 
inoculated at one end, and, as the mycelium ad- 
vances dow n the tube, the position of the frontier 
IB marked at convenient intervals After the 
growth has reached the far end of the tube, 
samples can be removed for tests of the persistence 
of any adaptive changes that have occurred, 
either by inoculating fresh tubes for a comparison 
of growth responses with those of untreated 
matenal, or by outcrossing to determine if gene 
changes have occurred 

Normal growth curves The characteristics of 
the normal growth curve of Neurospora (i e the 
wild-type strain on standard medium) are illus- 
trated in curve A of figure 1 (c/ Ryan, etal , I c , 


fig 1) Rjaii rial found that the time rcquircfl 
for the germination of conidia (section a of curve 
A) varied with the age and condition of the co- 
iiidia, and we have observed variation depending 
upon the size of the inoeuhiin \fter germination 
there is a stage (section b) characterized bj an 
increasing growth rate which emls in a stage 
(section () in which the rale remains constant to 
the end of the tube llie prchminar} lag phase is 
behoved bv Rtaiictn/ to lie governed b> the time 
necess-irj to Imild upa steadv state of assimilation 
and an ojitinial dinsilv of hvjihae at the frontier 
Thev found that this lag ph ise could be greatlj 
sbortened if injcdial mats were used as inocuh 



Fig 1 Ti pcs of growth curves normal curve, 
B to D, adaptiv c curves, a, germination, b, penod 
of increasing growth rate, c, period of constant 
growth rate, d, second lag phase 


Idaptnc growth curies When grown on certain 
media Ncurospora charactenstically exhibits a 
different sort of growth curve, the important 
feature of which is a second lag phase (section d 
of curves B, C and D m figure 1 , cf figure 3) inter- 
vening before the final steadj' rate (section c o 
the same curves) is attained We interpret sue 
curvms to indicate that, by the end of the secon 
lag phase, the orgamsm has become adapted tot e 
substrate , but the univ ersal v'ahditj of this in er- 


etation is certainly open to question 
In certain instances there is independent evi 
mce that an adaptive mechamsm has been a 
jrk without resulting in this adaptive type o 
ow th curve For example, lactase and mu ase 
e adaptive enzymes, produced only m response 
specific substrates, yet the growdh curves on 
etose and inuhn (figure 2) are not essen is 
fferent from the normal curve On the o e 
ind, mutant strain #E-1095, obtame 
itiserum treatment (Emerson, 1944), w 
ow'n on solid medium at 35°, produced typica 
laptive-type growth curves when 2^°'™ 
altose, and typically normal curves on ex 
gure 3), and yet when grown m liquid cu u 
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the same temperature, maltase js secreted into 
the medium regardless of the carbon source pres- 
ent In this instance, if the growth curve indicates 
an adaptive change, it is not due to the adaptive 
formation of maltase, unless (as is known to be 
the case in some instances) the response of this 
strain is completely different on liquid and on 



Fig 2 Growth curves of wild type ( % lA) on 
different carbohj drates at 28° A, 2% de\trose, 
B/2% mulin, C, 2% lactose 



Fig 3 Grow th curves of mutant strain jtE-1095 
on 2% dextrose (A), and on 2% maltose (B, C and 
D) at 35° 


solid media Even with the occurrence of such 
“exceptional” responses as those just described, 
we believe that the shape of the growth curve 
must frequentlj reflect adaptive changes Support 
for this view is to be had from studies with sulfona- 
mides to be reported below 
Morphological appearance of growth Dunng the 
second lag phase (figures 1 and 3) growth does not 
Occur umformlj , instead there are sudden ad- 
vances of a “featherv” growth (figure 4, \) fol- 


low ed by penods in w hich no linear grow th occurs, 
but in which the grow th becomes heavier (figure 
4, B) When adaptation occurs the featherj 
grow th changes to form a typical frontier (figure 
4, D) of numerous, roughly parallel hyphae, as 
described by Ryan et al (I c) 

Persistence of Adaptive Changes Adaptive 
changes as inferred from growth curves may be of 
almost any degree of permanence Conidia, or 
mjeehum, taken from the end of a tube showing 
adaptation, and inoculated into fresh tubes maj 
result in growth in which the second lag phase is 
lacking, indicating that adaptation persists 
through such transfers In other examples of 
adaptation, the second lag phase in the fresh tube 
may be shortened, in still others it may be of as 
great duration as from inocula from non adapted 




Fig 4 Camera lucida drawings of portions of 
mvcehal frontiers A, featherj growth, B, re- 
tarded growth, C, inhibited growth, D, adaptive 
growth, beginmng of formation of umform fron- 
tier Arrows indicate direction of growth 

matenal, in which case the adaptation has not 
persisted through the transfer ’ Again, some 
adaptive changes are accompamed by gene muta- 
tion whereas others are presumablj not (see dis- 
cussion under “stabilitj of mutations” below) 
Responses of each of the types just discussed have 
been observed in the experiments reported below 
Genetic analyses The genetic method of testing 
for mutation in Ncurospora has been outlined in 
manj papers from the Stanford laboratories, c g , 
Beadle and Tatum (1941, 1945), Regnerj (1944), 
etc , while a more general treatment of genetic 
methods for this matenal is to be found in Lindc- 


’ WTien mjcchum is used in inoculations, small 
qieces of agar, generallv not more than 3 mm 
spuare, and containing the hj-phal tips are trans- 
ferred to the fresh tubes It is probable tliat the 
shock of cutting close to the growing tips throws 
them into a resting condition That adaptive 
changes would persist without such injurj is evi- 
dent from the stcadv growth rate obtained in 
tubes of greater length 
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gren (1942) and Beadle (1945) The genetic fea- 
tures essential to this study may bo briefly 
Bummanzed 

There are tno mating types, designated A and 
a Sexual reproduction always involves a mating 
between those two types Both mating types arc 
self stenle and can be considered as hermaphorodi- 
tic since each is capable of forming propcrithecia 
(t c , the pnmordia of the fruiting bodies), and 
each can serve as the fertilizing parent Backus 
(1939) has shown that (in Ncurospora silophla) 
tnchogines from the propcnthccia fuse with 
conidia, or mycelium, of the fertilizing parent, 
and that nuclei from the conidia migrate down the 
tnchogines into the propcnthccia In the dc\ elop- 
ing perithecium many ascogenous cells arc formed, 
in each of w'hich there are two nuclei, one de- 
scended from the properithecial parent , the other 
from the fertilizing parent The two nuclei fuse to 
give the only diploid nucleus occurring during the 
life cycle This fusion nucleus, or fertilized egg, 
immediately undergoes the two reduction divi- 
sions (meiosis) m w hich the genes contributed bj 
the two parents are assorted among the four re- 
sulting nuclei Each of these four nuclei undergoes 
an additional mitosis, so that each genotype 
produced in meiosis is represented bj duplicate 
spores in the ascus Since all three dinsion figures 
are onented lengthwise in the ascus, and do not 
overlap, the positions of the resulting spores 
faithfully indicate the relationships betw eon them 
(c/ figure 8, p 386) By cultunng all eight spores 
from an ascus, one obtains a complete picture of 
the genes contnbuted by both parents If a parti- 
cular variant represents a gene mutation, it should 
be recovered from four spores in each ascus pro- 
duced by mating the variant to w ild type 

Since Neurospora is a coenocyte, having many 
nuclei in a common cytoplasm, it is possible to 
have mixtures of genetically different nuclei in a 
single hypha or comdium A detailed descnption 
of the behavior of artificially produced hetero- 
caryons has been published by Beadle and Coon- 
radt (1944) When adaptive changes are a result 
of mutation, it is likely that only a portion of the 
nuclei will carry the mutated gene, the remainder 
retaimng the onginal, wild-type allele To test 
for such mixtures, comdia of the adapted strain 
are spread over properithecia of a normal strain 
of the opposite mating type Since each pro- 
penthecium picks up nuclei from a different comd- 
ium, a large number of nuclei from the adapted 
parent may be tested by isolating spores from one 
ascus per penthecium 

Stahihty of vmtahons We generally think of 
genes as being very stable, and suppose that once 
they have mutated they wull be stable in the 
mutated condition This is not necessarily true, 
as may be illustrated by an example of a mutant 


that reverted to wild tjpc so rapidlj that it could 
not be preserved Mutant strain ;ifE-1905a, 
obtained from antiserum treatment (Emerson, 
1914), was immediately subcultured on vanous 
media Regardless of the medium used, the cul- 
tures produced cither almost no growth, or very 
abundant growth Material from cultures of each 

TADLr 1 
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type was used in crosses to wnld typo, ^ 

results shown in table 1 Crosses from 
with the poor type of growdh in each ms an 
reproduced this type in most asci In one a 
there were more than four wild-t 3 pe ’ 

indicating a reverse mutation Each mutan 
tested proved to be of mating type a, in ica 
close linkage between the mutant gene an 
“sex” locus Crosses from rapidly growing 
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tures yielded no mutant types even in the five 
asci from which more than four spores germinated, 
indicating that there had been back-mutation to 
wild type associated with reversion to the normal 
type of growth 

In this example it nas shown that a mutation 
had occurred, yet the mutant gene reverted so 
rapidly that the mutant form could not be main- 
tained in stock It IS possible that some adapta- 
tions are accompamed by gene mutations to still 
less stable forms By analogy to conditions favor- 
ing enzyme stability, it is possible that some 
mutations might persist only in the presence of 
the specific substrate Adaptations accompanied 
by mutation of this sort would ordinarily be con- 
sidered non-genetic 


carrying genes close to the centromeres of different 
chromosomes were kindly suppbed by Professor 
G W Beadle of Stanford XJmversity 
Expeeimental Adaplatton to Sulfamlamide 
When grown on sulfamlamide at concentrations 
greater than 10“’ moles per hter, Neurospora 
exhibits the adaptive type of growth curve dis- 
cussed earlier (see curves of controls, C in figures 
5 and 6) Transfers from tubes showing adapted 
growth generally respond exactly as do transfers 
from untreated matenal There is no indication 
of persistance of adaptation through such trans- 
fers (see footnote 3, p 373) 

Wild-type strain # E-5297a was grown in liqmd 
culture for three transfers m the presence of 
sulfamlamide in concentrations of 1/172, 1/130 



Fig 5 Growth curves of adapted (A) and control (C) cultures on vaned concentrations of sulfamla- 
mide at 28° A-0 and C-0, no sulfanilamide, A-2 and C-2, 1/172 moles per hter, A-3 and C-3, 1/130 moles 
per liter, A-4, 1/86 moles per liter, control culture failed to grow at this concentration Inocula dry 
comdia 


Matenal The wild-tyTie stocks used in the 
experiments with sulfonanudes are strains XfE- 
6256A and )!lfE-5297a of K crassa These nere 
denved from crosses between wild-type strains 
Abb-4Aand J5?25a, and AlAand ■libb-Wa respect- 
ively’ The new wild-type strains eliminated a 
gene earned by the Abbott strains which, when 
present in both parents, leads to ascospore abor- 
tion, and a gene earned by felA and S25a which 
prevents growth on lactose and inulin at 35° 
(mutant strain E-1095, referred to above, is due 
to an allele of this gene) In developing the new 
wild-type strains, selection was also made for a 
high degree of fertility and ascospore viability 
on intercrossing For use in linkage tests, stocks 


‘ Strains are numbered ns in Beadle and Tatum 
(1945) for those developed at Stanford Umversity 
Strain numbers preceded by an E- are Emerson's 
numbers, that by a C- is Cushing's 


and 1/172 moles per liter, respectively, and then 
tested for sulfamlamide resistance in growth 
tubes The length of the second lag phase was 
considerably reduced over that observed with 
untreated matenal A second senes of growth 
tubes was inoculated vnth comdia produced after 
growth through a tube contaimng 1/172 moles per 
liter of sulfamlamide, wrth the results shown in 
curves A-2, A-3 and A-4 in figure 5 Persistent 
adaptation is shown by the shortened lag penod 
at low sulfamlamide concentrations, by increased 
final grow th rates at intermediate concentrations, 
and by' growth at higher concentrations than were 
tolerated bv untreated matenal (C curves m 
figure S) 

Inocula from the ends of the tubes represented 
by curv es A-0 and C-0 in figure 5 duplicated these 
results, indicating that the adaptation persists 
through at least one transfer in the absence of 
sulfamlamide Comdia from the end of one of the 
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eating that the degree of resistance is influenced by 
modifying genes In the presence of the gene 
inhibiting growth on lactose and inulin at 35“ 
(earned by wild-type strains ^lAand ^12a) (he 



Fig 8 Camera lucida drawing of germinating 
ascospores An entire ascus was transferred to 
agar containing 1/43 moles per liter sulfanilamide, 
and heated to induce germination Four wild-tjpc 
spores at one end of the ascus produced short germ 
tubes before growth was inhibited by sulfamla- 
nude, the four spores at the opposite end of the 
ascus, carrying the sulfamlnmide-tolcrant gene, 
produced hyphae which were not inhibited bj sul- 
famlamide This distribution of spores wnthm the 
ascus indicates that the mutant gene segregated 
at the first meiotic division 

TABLE 3 

Nurnbert of osci ipith different orransements of spores in crosses 
between the sidfanHamide-tolerant strain and different 
lint age testers 

Legend s, sulfanilamide tolerant, m, bntage tester wild 
type, ms, sulfanilamide tolerant and Imkagc-tester genes earned 
in same spore (ms and represent recombinations between 
genes from the two parents) 


CROSS 

SEGREGATION 

Sulfa Linkage 

strain tester 

1st div s 

1 Ist div m 

1st da s 
2nd div 
m 

2nd div s 
1st div 
m 

4m 4s 

4ms 4+ 

2m 2-t- 
2ms 2s 

2m 2ms 
2-t- 2s 

E-8622a 16117(3825-5)A 

7 

3 

1 

1 

E-8622a 44101(1484 1)A 

3 

10 

1 

0 

E-8622a 61602(4345 2)A 


0 

0 

0 

C-40a 61602(4345 2)A 

8 

0 

0 

0 

Expected frequencies 





Independent genes 

60%- 

60%- 

0%+ 

0%-J- 

Linked genes 

100%- 

0 : 

0%+ 

0%+ 


sulfamlamide-tolerant mutant produces very little 
growth under any conditions 
Reversion to wild type In figure 7, and in table 4, 
certain cultures have been marked as having 
“reverted” The reversions consist in a simul- 
taneous change in growth habit, from the surface- 
growth of the mutant to the more lush growth of 
wild type, and in growth rate to a rate frequently 


approximating that of wild tjpt under similar 
conditions, and considcrablj greater than the 
normal optimal grow th rate of the mutant These 
reversions haxe occurred in only those growth 
tubes in which the concentration of cither sulfa 
thiarole or p aminobonnoc acid was high enough 

TABLE 4 

Growth rates, millimeters per hour, of segreganis carri/ing (he 
sulfanilamide tolerant gene Inoculations from fettVy ndated 
ascospote cultures The first four isolates are from one ascus and 
ore numbered in order 



groi\-th rate 


to markedly depress the growth rate They have 
not occurred in the absence of p-aminobenzoic 
acid and sulfonamides, a condition which a so 
favors wnld-type nuclei when present (cross ^4, 
table 2) 

In outcrosses of such reverted cultures to wn 
type, reverse mutation is suggested m two in- 
stances in which germination was obtained 
complete asci , one from an outcross of one reverte 
culture ( j$(E-11132 with grow th rate 3 6 mm/hr on 
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p ammobenzoic acid, table 4), and eight complete 
asci from another ()5fE-11145 ’siith growth rate4 2 
mm/hr on sulfatbiazole, table 4) Wild-type 
cultures, as judged bj grow th habit, were obtained 
from all eight spores of each of these nine asci, 
indicating that m these instances, reversion was 
accompanied be mutation The data are insuffi- 
cient to indicate whether the mutation to wild 
phenotype involved the sulfanilamide-tolerant 
gene itself, or some other gene 
A Sulfamlamide-Requmng Strain From crosses 
of the sulfanilamide-tolerant strain to wild type, 
we have in several instances obtained segregants 
which, along with tolerance to sulfanilamide, 
showed poor growth on other media Only one of 
these has been tested for growth requirements, 
strain ?S!E-13190 (and its twin, ^!E-131S9) This 
strain makes little or no growth in the absence of 
sulfonamides, or in the presence of p anunobenzoic 
acid of 10^ to 10“* moles per liter Optimal growth 
on sulfanilamide and on sulfapyradine occurs la 
concentrations of about 0 02 moles per liter, and on 
sulfatbiazole at higher dilutions (figure 9) Pre- 
lumnary genetic tests indicate that the change to 
the condition requinng sulfonamides for growth 
involves mutation at a locus distinct from the 
sulfanilamide-tolerant gene 
Discussion The experimental results reported 
above, while not going very far towards accomp- 
lishing the aims set out in the introductory para- 
graphs, do constitute a survey of the smtabihty 
of our material to such a study Aside from point- 
ing out promising lines of investigation, some of 
the observations are not without interest of their 
owm 

Physiological Processes Coneemed in Adaptation 
Interactions of p-aminohenzoic acid and sulfona- 
mides The general features of the antagonistic 
interactions between p-aminobenzoic acid and 
the sulfonamides have been extensu ely discussed 
in recent reviews (Welch, 1945, Henrj, 1944) 

In Neurospora, Tatum and Beadle (1942) have 
shown that p ammobenzoic acid is an essential 
metabolite, normallj synthesized by the wuld- 
type organism, that growth is inhibited by sul- 
fanilamide — both in the wnld type and in a mutant 
strain (ft 1633) which is unable to sj-nthesize 
p-aminobenzoic acid, and that the inhibiton ac- 
tion of sulfanilamide is antagonized bj p-amino- 
benzoic acid in both strains 
Growth of Neurospora is likewise inhibited bj 
p ammobenzoic acid in concentrations comparable 
to those giving sulfonamide inhibition (figure 7, 
p 3S5) In contrast to the p ammobenzoic acid 
antagonism of sulfonamide inhibition {cf figure 
10 V), the inhibition of growth m wild tjpe bi 
p ammobenzoic acid is not antagomzed bj sulfa- 
nilamide (figure lOB) This obsen-ation makes it 
seem unlikelj that the failure of strain ft E 13190 


to grow in the absence of sulfonamides can be due 
to an ov er production of p-anunobenzoic acid to an 
extent which inhibits growth except in the pres- 
ence of an antagomst, such as sulfanilamide The 



Fig 9 Growth rates, millimeters per hour, of the 
sulfonamide-requinng strain (ftE-13190) on 
vaned concentrations, moles per hter, of different 
sulfonamides STH, sulfatbiazole, SAN, sulfamla- 
mide, SPY, sulfapyradine Inoculation by my- 
celial transfer, temperature 34® 




Fig 10 A, growth rates, millimeters perjhour, of 
wild type (ftE-52564.) on increasing concentra- 
tions, moles per liter, of sulfamlamide, curve 1, in 
absence of p ammobenzoic acid, curves 2, 3 and 4, 
in the presence of 1/120, 1/100 and 1/80 moles per 
liter of p ammobenzoic acid, respectivelj B, 
growth rates on increasing concentrations of p am- 
mobenzoic acid, cun e 1, m the absence of sulfanil- 
amide, cunes 2 and 3, in the presence of 1/40 and 
1/20 moles per liter of sulfanilanudc, respectivelj 

uncertainti on this point arises from the possi- 
bilitv that, m the genetic background of strain 
ftE-13190, sulfamlamide maj antagonize the 
fungistatic action of p ammobenzoic acid 
It IS still more improbable that strain ftfC-40 
owes it tolerance to sulfamlamide to an increased 
production of p ammobenzoic acid, such as has 
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been icpoited in Stipii} lococcus (Lnnd^ , cl al , 
1943) If this were true, the mutnnt stnun sliould 
be more resistant than wild type to siilfatliiarolo, 
as well as to sulfaiulamide (c/ figure 7) rurthcr- 
more it would not be c\pected thatsulfatliiarole 
inhibition would bo antigonirod bj rclatuely 
small additional amounts of p aminobonzoic acid, 
such as shown in figure 7D Direct tests have \et 
to be made on the amounts of ji aminobenroic 
acie produced by strains ?tC-10 and ?4fE-13100 
when grown in the presence of sulfanilamide 
Physiological rule of p aminohcnzoic acid and 
sulfanilamide Giese and Tatum (194G) found that 
p-aminobenzoic acid acted as a respiratory stimu- 
lant in strain § 1633 (w Inch is unable to s\ nthesizc 
p-aminoben/oic acid) of Ncurospora when added 
after the culture had been starved for p amino- 
benzoic acid The same authors (Tatum and Gicsc, 
1946) were unable to find any inhibition of respira- 
tion, either in mutant strain j? 1633 or m w ild type, 
follow mg the addition of sulfonilamide \sidc from 
these studies, nothing is known of the plnsiologi- 
cal r61e of p-anunobenzoic acid in Ncurospora, nor 
of sulfonamides in grow th inhibition The tw o new 
strains, ^C-40, which is tolerant to sulfanilamide, 
and ^E-13190, which requires sulfonamide for 
grow'th, o5er the possibiliU of studiing these 
questions more expeditiously 
Cytoplasmic vs Genetic Adaptation \. distinc- 
tion has long been made (Karstroni, 1938, Yudkiii, 
1938) between adaptation in the restricted sense, 
involving the production ot an cnzinie in direct 
response to the substrate without gene change, 
and the occurrence of spontaneous mutations, 
which IS not directly influenced by tlie substrate, 
although, once having occurred such mutations are 
given a selective advantage by the substrate The 
former may be considered to be a direct ci toplas- 
mic response to the substrate, tlie latter to acci- 
dental gene changes It has been suggested (Emer- 
son, 1945) that the mechamsni by which cyto- 
plasmic adaptation is induced might also serve as 
a means of inducing a corresponding specific 
mutation 

Stepwise production of sulfanilamide tolerance 
In most orgamsms, complete resistance to sulfona- 
mides does not arise all at once, but by successive 
stages of increased resistance (c/ Henry, 1944, for 
review) The development of sulfanilamide tol- 
erance in Neurospora apparently involves three 
steps (1) At concentrations of sulfanilamide pre- 
mitting some growth, the shapes of the growth 
curves suggest that wild-type strains invariably 
develop some tolerance to sulfanilamide whicii, 
however, is extremely transient, being lost when- 
ever active growth stops, as in comdial formation, 
or when the hyphal branches have been cut close 
to their tips (2) The first persistent adaptation 
(figure 5, p 383) appeared after longer treatment 


wifli sulf mil tmidi md 'ijijiareiitlv involved no 
gene eli'ingc (cross in table 2) (3) Tlie more 
fully adapted strain (figure 6, p 38^1), appearing 
after still further treatment, was accompanied by 
gene mutation (crosses 2 and li 3 in table 2) \ 
compirison of cross ^3 (table 2), from material 
that had grow n (low n a tube with a high concentra- 
tion of sulfanil viiiide, w ith cross H 1, from matorial 
grown in thr absence of sulfanilamide, indicates 
that the Hiilfanilamide ini diiini selects for mutant 
nuclei, (ontrol medium for wild type nuclei Had 
the first persistant adaiUation involved gene mu 
talion of the sort found later, we should have ex- 
pceted to recover some milt int forms from cross 
^1, ind we should not have expected the adapta- 
tion to persist unaltered through a transfer in the 
absence of sulfonamide, where there is selection 
against the mutant, but the data are two few to 
make this point certain 

Vt present we do not know that there is any re- 
lationship between these different grades of sulfa- 
nilamide tolerance Once the phy siological changes 
accompanving full adaptation have been de- 
termined, it should be possible to tell if the same 
jihv siological responses appear in the more tran- 
sient adaptation 

Directed mutation While the number of investi- 
gvtions designed to test specifically directed muta- 
tion IS small, there are no well authenticated cases 
known in sexualh reproducing forms (c/ Beadle, 
1945, for review), unless the case of one gene 
specifically inducing mutation in another 
(Rhoades, 1938) is considered to be of this sort In 
asexual forms, the only demonstrated case is that 
of tyqie-transformaf ion in pneumococcus (cf 
Dubos, 1945, for revaew) 

The mutation to sulfanilamide tolerance (re- 
sulting in strain C-40) occurred under conditions 
which would select for spontaneous mutations of 
that sort, making it difficult to rccogmze directed 
mutations should they occur Reversions o 
mutant strain ^'C-40 to wald type, however, 
should be amenable to studies of this sort It is 
possible to set up two conditions, both of which 
select for wild-type nuclei, but wath reversions 
occurring in only one of them On medium con- 
taining neither sulfonamides nor p-aminobenzoic 
acid, wild-type nuclei are favored over mutant 
nuclei (c/ cross #3 and cross 4, table 2), yet re- 
versions have not been observed under these 
ditions At concentrations of p-aminobenzoic aci 
sufficient to depress the grow'th rate of ^C-40, 
reversions are very frequent By the use of arti- 
fieiolly constructed heterocary ons it is possible to 
measure the selective pressures quite exactly 
under the two sets of conditions, and thus deter- 
mine whether or not the reverse mutations are 
specifically induced by the treatment Studies o 
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thid s jrt have not yet progressed far enough to be 
^'camngful 
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SuMMABi The use of the tube method of Ryan, 
Beadle and Tatum (1943) for the study of adaptive 
changes in Neurospora is described A mutant 
strain, C40, obtained following growth on sulfa- 


nilamide, IS completelj resistant to sulfanilamide 
and sulfapyradme, has an enhanced tolerance to 
sulfacetamide, but is more susceptible to sulfa- 
thiazole and to p-aminobenzoic acid than the wild- 
type strain Grow th inhibition bv sulfathiazole in 
the mutant strain is counteracted by low concen- 
trations of p-aminobenzoic acid The mutant 
strain reverts to w ild type in the presence of either 
p-aminobenzoic acid or sulfathiazole, but seldom, 
if ever, in their absence A further mutation re- 
sulted in a strain which requires sulfonamides for 
grow th, and which is not enable to grow by any 
concentration of p-aminobenzoic acid tested 
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SYMPOSIUM ON BIOCHEMISTRY OF MALARIAL PARASITES 

INTRODUCTION 
W. MANSFIELD CLARK 

ClIAIHMAN or THE PaNEL ON BlOCTlEMISTmi AND MeMBI U OF THF BoARD I OR THF 

Coordination or ]M\dari\ Stiidifs 


The following papers report part of the im csti- 
gations conducted during the u ar b> a group or- 
ganized by the Panel on Biochemistry, Dmsion of 
Chemistry and Chemical Technologj’, National 
Research Council, cooperating uith the Board 
for the Coordination of Malaria Studies Tlicse 
investigations were conducted under contract 
with the Office of Scientific Research and Develop- 
ment on behalf of the Committee on Medical 
Research 

The primary aim of the investigations was to 
uncover some critical link in the metabolism, or 
growth reqmrements, of the parasites which might 


proMde a load to the sjnlhcsis of an improved 
antimalanal Tins v as stated frankly to be a gam- 
ble but also, and v ith particular reference to the 
probabilitj that malaria mil continue to be a dis- 
ease of major importance, it seemed appropriate, 
even during the war, to la> certain foundations for 
a better understanding of the biochemistry of the 
parasites 

y\s noted abov o, the follomng papers review only 
a part of the accomplishments, but what is here 
revealed, I am sure, attests the fact that the effort 
was well spent 


ENZYME SYSTEMS OPERATING WITHIN THE IM.VL.ARLVL PARASITE 

E A EVANS, Jr 

From ihc Dcparimcnl of Biochcmislry, Univcrstly of Chicago 


Our knowledge of the enzymic composition of 
the malaria parasite is confined to information re- 
garding a single phase of the life cycle of the para- 
site — the erythrocytic stage, in which the parasite 
penetrates and develops within the erythrocyte of 
its vertebrate host Biochemical studies of these 
forms were initiated by Chnstophers and Fulton 
in 1938, using the monkey parasite, P knowlcsi (1) 
Since then, studies have been made by numerous 
investigators using this infection (2, 3, 4), as well 
as P %nut (3), the human parasites, P vivax (5), 
P falcipanum (5),P malariae{5), the duck para- 
site P lophurae (6, 7), the chicken parasite P 
gallinaceum (8) , and the canary parasite P cathe- 
merium (9) With some of these species, our in- 
formation IS very meager, but no one has yet ob- 
served any striking qualitative dissimilarity of a 
chenucal nature between the various species of 
Plasmodia It is not yet possible to offer any bio- 
chemical explanation of the species specificity of 
the various infections 

In no single caseTias a pure enzyme been isolated 
from the protoplasm of the malaria parasite, and 
it IS necessary therefore to describe the enzymic 
composition of the parasite in terms of the meta- 
bolic reactions carried out by the parasites 

There are three types of parasite preparations 
available for investigation First, it is possible to 
study the metabolic and enzymic characteristics 


of saline suspensions or buffered saline suspensions 
of parasitized crythrocj tes Ball and his associates 
(4) have devised techniques for the in vilro cultiva- 
tion of suspensions of parasitized erythrocytes so 
that long periods of observation are possible In 
expenments with parasitized erythrocytes, it is 
necessary to run controls using normal erjthro- 
cytes However, since the metabolic activity of the 
normal erythrocj te is much lower than that of the 
parasitized erythrocyte, there is usually no ques- 
tion of the relation betw een the particular enzj mic 
activity observed and the parasite itself 

Second, it is possible to study the metabolism 
and enzymic properties of parasites liberated from 
the erythrocyte This was first done by Christo- 
phers and Fulton (10) using saponin as the lytic 
agent Hellerman and his associates (7) by 
fully controlling the quantity and time of meu a 
tion with sapomn, have been able to obtain ery- 
throcj te-free parasite preparations without ap 
preciably altering the metabolic properties ^ ® 
parasites In our laboratory (11) we have use 
erythrocyte-free suspensions of P gallinaceum 
prepared by the use of specific hemolytic an i 
serum obtained by injecting normal erythrocj tes 
of the chicken host into rabbits Parasites pre- 
pared by this techmqne are completely free rom 
erythrocytes, stain normally with Giesma stain, 
and possess high metabolic acitivity 
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Finally, it is possible to work wth cell-free ex- 
tracts prepared from these various parasite mate- 
rials Under properly controlled conditions some 
enzyimc reactions have been studied in distilled 
water hemolvsates of parasitized erj-throcytes (12) 
In other cases, extracts have been prepared from 
free parasites which have been liberated from 
erjthrocytes by the use either of saponin or of 
water (12) 

I should like to descnbe first our knowledge of 
the enzyme sj stems in\olved in the utilization of 
molecular oxygen and of proteins and simpler 
nitrogenous substances by the parasite, and then 
proceed to a discussion of the carbohydrate me- 
tabobsm of the parasite, of which our knowledge 
IS more detailed 

Cyanide inhibits the ox 3 ’gen uptake of erythro- 
cj tes parasitized with various species of the Plas~ 
modia, as well as that of the free parasites them- 
selves (1, 2, 4, 7, 9, 13) Diethj Idithiocarbamate 
and carbon monoxide inhibit the oxygen utiliza- 
tion of P knowlest (5), and sodium azide inhibits 
the respiration of P galhnaccum (13) These facts 
suggest that the heav y metal catalysts of the War- 
burg-Keilin cytochrome si stem are involved in the 
respiratory mechanism of the parasite, but direct 
evidence to this point is lacking The presence of 
flavoproteins is suggested bi the finding of Ball 
and his associates (4) that erjthrocjtes para- 
sitized wnth P knowlesi contain flavin ademne 
dinucleotide Work in our laboratory', with cell- 
free extracts and free parasites, has demonstrated 
the existence of several dehydrogenase systems 
requiring DPN and TPN (12) 

Changes in composition of parasitized ery thro- 
cy tes dunng the growth of parasites in iitro show 
that the parasite is capable of the synthesis and 
metabolic transformation of cholesterol, and 
phospholipids 

Some information is also available concerning 
the enzvmo sv stems involved in the nitrogen 
metabolism of the ervthrocytic forms of the 
malaria parasite It is clear that the mtrogen 
necessary for the synthesis of parasitic proto- 
plasm in vtio must be denved either from the 
amino acids or other small nitrogenous fragments 
present in the blood scrum or bv the breakdown of 
the intracellular protein of the erv throcy te There 
IS evadcnce that both reactions mav occur Ball 
and his associates (4) hav c show n in their cultiv a 
tion experiments that ammo acids, punnes, and 
pvrimidincs are neccssarv for good growth and 
reproduction of the malana parasite Likewise, 
ev idcnce demonstrating that intracellular protein 
can be hy droly zed is available from iniitro experi- 
ments in which extra cellular mtrogen has been 
entirely excluded \nule this mav not appiv to the 
carh cxqicnmcnts of Christophers and Pulton (I), 
in which the formation of amino nitrogen from 


intracellular protem was inferred from experi- 
ments in which serum was used as part of the sus- 
pending medium, it is undoubtedly true of more 
recent experiments both with P knowlesi and P 
gallinaceum In the first case, Wendel (2) has shown 
that ammoma is formed in the absence of glucose 
by suspensions of parasitized ery throcytes A 
similar process in P gallinaceum has also been 
studied in our laboratory (14) 

When suspensions of erythrocy tes parasitized 
with P gallinaceum are incubated under the con- 
ditions shown (table D , a considerable formation 
of amino mtrogen takes place If glucose is ex- 
cluded from the medium, appreciable quantities 
of ammoma are formed It will be seen that the 
total amount of amino mtrogen plus ammoma 
formed under these conditions remains approxi- 
mately the same in the absence or presence of 

TABLE I 

Efftct of slucost on the nitrosen melaholtam of parasilucd 
erythrocyte auspennona 

Paraaitired eri'throcj'tcs were wealied and suspended in Ca- 
free phosphate saline to which no glucose had been added In 
the samples which were incuhated without glucose the glucose 
solution was replaced hy an equal volume of Ca free phosphate- 
saline Air 40 , 4 hours Values arc given as micromoles per cc 
crj'throcj'tes 
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glucose, but larger quantities of ammonia are 
formed in the absence of glucose It seems possible 
that in the absence of glucose, some of the liber- 
ated amino acids are deaminated A relationslup 
between oxidative processes and the formation of 
ammo nitrogen bv the parasite is indicated bv ob- 
servations that ammo nitrogen formation is 
greatly depressed under anaerobic conditions and 
that ammo nitrogen formation is sigmficantlv 
decreased bv low concentrations of quinine and 
atabnne (14), substances known to inhibit the 
respiration of the malana parasite It is possible 
to prepare cell-free extracts from P gallinaceum 
which contain active proteinases As shown in 
table II, these extracts will hv droly zc hemoglobin 
at a slow rate but wall hv drolv ze acid-dcnaturcd 
hemoglobin wath considerable speed The proteo- 
Ivtic activitv of these cell free extracts is not 
affected bv the oxvgen tension, nor is it inhibited 
bv concentrations of quimne and atabnne which 
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decrease tlie formation of ammo nitrogen in intact 
parasitized erythrocytes (14) It follows there- 
fore that the apiiarcnt coupling between ammo 
mtrogen foimation and oxidative acitvity in the 
parasitized erythrocyte is not directly concerned 
with the proteinases themselves but with other, 
as yet unknown, projierties of the inelabolic sjs 
terns involved 

It is not certain that the intracellular protein 
broken down under those circumstances is entirely 
hemoglobin although the appearance of free hcina- 
tin (15, 16) in the parasitized erjtlirocytc is pre- 
sumabl}’^ accompanied b}' the release of the globin 
portion of the hemoglobin for utilization b> the 
parasite We have failed to observe any significant 
decrease in hemoglobin during the formation of 
appreciable quantities of amino nitrogen by the 

TABLE II 

The protetnase acUvitu of ccU free cxtracte of the malaria parasite 

1 0 CO cell free extract and 0 25 cc 0 I JI phoapliato, pH 6 6, 
were incubated 2 hours at 40“ Hemoglobin and globin were 
added in amounts of 200 micromoles total nitrogen Values are 
expressed as micromoles of ammo mtrogen per cc extract and 
represent the average of 6 experiments 
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malaria parasite (16) However, the expected 
changes would be very small and might possibly' 
excape detection 

Ball and his coworkers (4) have shown an in- 
crease in nucleic acid phosphorus during the tn 
vitro growth of the parasite Miller and Kozloff 
(17), using material prepared by the saponin tech- 
nique, have shown that both normal and para- 
sitized chicken red cells possess enzymes which 
are capable of the depolymerization of ribose 
nucleic acid In parasitized cells, the reaction oc- 
curs twice as fast as in normal cells and proceeds 
to the further stage in which significant quantities 
of inorganic phosphate are liberated The process 
IS not inhibited by quinine or atabrme 

In summary, then, one can say that our limited 
knowledge of the nitrogen metabolism of the para- 
site involves a picture in which the organism en- 
gages in an active hydrolysis and metabolism of 
intracellular protein, this process being linked, 
in some fashion, with the oxidative metabolism of 
the parasite 

In regard to the carbohy drate metabolism of the 
malaria parasite, it has been known since the ex- 


periments of Clinstophers and Fulton (1) that 
glucose can bo oxidizul to carbon dioxide and 
water by the jiarasitc rniclosc, mannose, mal- 
tose, glycerol, glycerophosphate, pyrin ate and 
lactate are all utilized wlicn added to suspensions 
of cry tliroeytf s parasitized by various species of 
IHaimotlta The con\ ersion of glueose to lactic acid 
bv P I nnu'lcti was first reported by Wendcl (2), 
and occurs sKo in P gnllinnrriim and in other 
spec les Ball and Ins collaborators (1) have demon- 
strated the con\ ersion of glycerol into pyruvate 
during the growth of P I nnidcii in monkey cry- 
throrytes With erythrocyte free suspensions of 
parasite material, an oxidative utilization of oxal- 
ai elate. Cl s-aconitate, a kctogliitaratc, succinate, 
malalc, and fumaratc can be demonstrated (11,7) 

Perhaps the most complete survey of the inter- 
mediate steps involved in the utilization of glucose 
has been made with P gallinaccum (8, 12, 11) 
Under anaerobic conditions, glucose is converted 
quantitatively into lactic acid In the presence of 
ox'ygon, the lactic acid formed from glucose is 
oxidized to carbon dioxide and water The rate of 
formation of lactic acid from glucose is so rapid 
that lactic acid accumulates even under aerobic 
conditions Wc have shown that the mechanism of 
lactic acid formation from glucose in P gallt- 
mccuvi 18 very' similar to the phosphorylating 
glycolysis occurring in mammalian muscle, yeast, 
and many other organisms (12) 

In extracts of yeast and some animal tissues, 
glucose IB conv erted into glucose 6-phosphate by 
ATP in the presence of the enzyme hexokmase 
Since the transfer of phosphate from ATP to glu- 
cose results in the formation of acid, the reaction 
can be studied by' the Warburg manometric tech- 
nique in a bicarbonate buffer In cell-free parasite 
extracts to w hich fluonde has been added to pre- 
vent the breakdown! of ATP by' adenosine tnphos- 
phatase, there occurs a similar reaction, which 
comes to a sto6 when one of the labile phosphate 
groups of ATP has been transferred to glucose 
(table III) These manometric data are confirmed 
by chemical determinations which indicate that 
the labile phosphate groups of ,ATP disappear 
wnthout giving rise to inorganic phosphate and 
that fructose-1, 6-diphosphnte is formed 
okinase activity is present in both normal and 
parasitized cells but the greater activity (some 
4-5 times) of the extracts from parasitized cells 
indicate that the hexokmase is a constituent o 
the parasite 

The phosphory'lating glycoly'sis of muscle ex- 
tracts also involv'es a characteristic oxidoreduc- 
tion in which 3-phosphoglyceraldehyde is oxidize 
to 3-phosphoglyceric acid in the presence of i 
phosphopyridine nucleotide, and inorganic P 
phate The 1,3-diphosphoglyceric acid which is 
formed as an intermediate transfers phosphate to 
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ADP The neccssarj ADP maj be formed from 
ATP as the result of hydrolysis by the enzyme 
adenosine tnpbospbatose, or by the transfer of 
one phosphate group to a phosphate acceptor such 
as glucose or creatine Magnesium is requited as a 
cofactor for all these phosphate transfer reactions 
It can be seen that to studj the coupled o'^dation 
of 3 phosphoglj ceraldehj de a system must he used 
■which contains catalytic amounts of DPN, ADP 
(or ATP), and magnesium ions, stoichiometric 
amounts of 3 phosphoglj cetaldehyde, inorgamc 
phosphate, glucose, and pyruiac acid (for the re- 
oxidation of the reduced DPN), and the appro- 
priate enzymes The over-all reaction occurring 

TABLE III 

Aienosinclnphosp^alate and hejofnnaei atdvcnti/ tn red cell 
hemolyeatea 

Samples contained 0 028 M NoHCO, 0 004 M MgSO, 0 0028 
M KF, 0 012 M elvcoea (nono -when adenosmetnpLoaphateae 
activity was being measured), 0 0036 M adenosinetnphosphato 
(tipped in from side arm after equilibration) and 1 4 co of 
bemolyaateof normal chicVen red cells (equivalent to about 0^6 
CO of cells) or 0 7 CO othemolysnteofparasituedredcells (cquiv 
alent to about 051 cc of cells), in a total volume of 2 6 cc War- 
burg manometers gas phase 6 per cent CO-95 per cent Ni tem 
perature 39* The retention factor (observed COi/true COi) was 
about 0 7 (or mixtures with hemolysates of normal red cells and 
0 85 for mixtures with hemolysates of parasitued red cells Ac 
tivitics are expressed in microbters of COi e\ olved per ce of red 
cells per hour 
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in such a sjstem may be represented by the 
equation 

3 phosphoglyccrafdehy de + phosphate + 
glucose -f pj ruvate 

3 phosphoglj cerate + glucosc-6-phosphate -f 
lactate 

It was felt that the demonstration of such an o\i- 
dation m parasite material would be strong evi- 
dence for the occurrence of a phosphorjlatmg 
glj colysis in the parasites Since the cadation of 
3 phosphoglj ceraldehj do results in the formation 
of acid, the process can be followed conicnicntlj 
by measuring the carbon dioxide liberated from a 
bicarbonate buffer containing the test sjstein 
Extracts prepared from parasites liberated bj sa- 
ponin were used in these experiments and were 
capable, as shown in preliminan experiments, of 
enzymicalh conxerting fruefoce 1,6 diphosphate 
to 3 phosphoglj ceraldehj de and dihj droxj acc 
lone phosphate In the final cx-penments, then. 


fructose-1,6 diphosphate was used as substrate 
and fluoride was added to inhibit the adenosine 
triphosphatase present and to prevent the break- 
down of 3-phospho^ycerate to pyruvate The 
study of this system gave the data in table IV 
Both arsenate and lodoacetate have character- 
istic effects on the o-adation of 3 phosphoglyceral- 
dehyde wherever this reacion has been demon- 
strated Arsenate is beheved to replace inorgamc 
phosphate in the reaction giving l-arseno-3- 
phospho-glycenc acid as the product of the o-xida- 
tion, this substance breaks down rapidlj and 
spontaneously to arsenate and 3 phosphoglj c- 
erate Since the phosphate transfer reactions are 
usually slower than the oxidation itself, addition 
of arsenate increases the rate of the oxidation 

TABLE IV 

Components of the system oxxixnng S phosphoglyceratiehyie 
The complete Bystem contamed 0 026 M NaHCOj 0 004 M 
MgSOi, 0 008 M phosphate pH 7 4 0 02 M KF 0 013 M glucose 
0 013 M Bodium pyruvate, 0 0007 M adenosine triphosphate, 
0 00007 M DFN 0 0035 M fructose 1 G-diphosphate (tipped in 
from the side arm), and 1 7 co of an extract of parasite roateno) 
(prepared by eapoiuzation, 0 9 per cent KaCl \nthout glucose 
used for all wsshipgs) m a total volume of 2^ cc Warburg ma 
nometers gas phase 5 per cent COr-95 per cent Nj tempera 
tvareSO* 
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lodoacetate in low concentrations strongly in- 
hibits the enzyme catalyzing the actual cadation 
of 3-phosphoglyceraldehyde The expected effects 
of arsenate and lodoacetatc can be demonstrated 
in c-xtracts of parasite matenal Addition of 0 0012 
M arsenate and omission of phosphate, glucose, 
and ATP from the sjstcm described in table W 
markedly accelerated the rate of carbon dioxide 
evolution, while addition of 0 (X)12 M lodoacetatc 
to the Ejstcra contaimng arsenate caused an inhi- 
bition of more than mnety per cent (table 10 
The presence m extracts of parasite matenal of 
the cnzjune lactic dehjdrogcnasc was demon- 
strated bj means of the colonmctnc techmquc 
described bj Hass (18) 

The C'xpcnments which havcbecndescnbcd indi- 
cate that the formation of lactic acid from glucose 
bj malana parasites occurs bj the same reactions 
which haie been demonstrated for the phos- 
phoTjlating gljcoljsiB that occurs in manj other 
organisms and tissues 
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It 18 also possible with the crylhrocytc-frcc 
forms of P gallinaccuin to draw up a tentative 
scheme for the mechanism of pyruvate oxidation 
by this species of malaria parasite 
In order to avoid complications arising from the 
impermeability of the erythrocytic membrane to 
highly-polar substances such as the dicarbox-yhc 
acids, much of the work on the mechanism of py- 
ruvate oxidation in P galltnaccuvi was carried out 
with erythrocvte-free parasites, and brief mention 
must be made of the metabolic properties of the 
free parasites (11) Unlike parasitized cr^ thro- 
cytes, free parasites require certain added sub- 
stances in order to oxidize pyruvate at a maximal 
rate Dicarboxyhc acids such as a-ketoglutaratc 
and malate greatly increase the rate of oxygen 
consumption and pyruvate utilization In addi- 
tion, manganous ions, ATP, DPN, TPN, thiamin, 

TABLE V 

The effect of artenate and lodoaeelale on the ondatton of 
S-phoaphOQlyceraldchyde 

The complete eyatom contained 0 020 M NnHCOi, 0 004 M 
MgS04, 0 02 M KF, 0 0035 M fructose 1 C-diphosphate, 0 013 M 
sodium pyrruvate, 0 00007 M DPN, 0 008 M phosphate pH 7 4, 
0 013 M glucose, 0 0007 M adenosine triphosphate, and 1 7 cc of 
extract, in a total volume of 2 See Thoaraenatosamplocontained 
0 0012 Na HAbOi and no phosphate, glucose, or adenosmo tn 
phosphate The lodoaeotate sample w as like the nrsenato sample 
■with the addition of 0 0012 M sodium lodoacotatc Warburg ma- 
nometers, gas phase 5 per cent COt— 05 per cent Ni, tempern- 


ture39* 

SAMPLE 

RATE 

Microhters of COj 



per hour 

Complete 

143 

Arsenate 

221 

lodoacetate 

19 


and diphosphothiamin also accelerate the rate of 
oxygen consumption and pyruvate utilization m 
free parasites A wide variety of other com- 
pounds — cofactors, vitamins, simple mtrogenous 
compounds, peptones, and proteins— are without 
effect upon the rate of pyruvate oxidation in these 
preparations It is not possible, by the addition 
of any combination of stimulating substances, to 
restore completely the free parasite to the met- 
abolic activity which it possesses in the erythro- 
cyte A further examination of this problem would 
seem highly profitable in terms of biochemical 
understanding of the actual nature of the parasitic 
relationship between Plasmodia and erythrocytes 
Both parasitized erythrocytes and free parasites 
consume oxygen at an appreciable rate in the ab- 
sence of added substrates The nature of the sub- 
stances oxidized under these conditions is not 
known, but they are apparently oxidized by way 
of the same metabohe pathways as is added py- 
ruvate In the presence of adequate amounts of 


the dicnrboxi he acids niid the oilier cofaclors just 
mentioned, free parasites oxidize pynualc, lac- 
tate, and glucose at about half the rate observed 
with an equivalent quantity of parasite material 
inside tlio crj throcj tc The rate of glycolysis is 
the same m both t\ pcs of parasite preparations 
Parasitized crythrocjtes oxidize 0 01 M py- 
ruvate almost completelj to carbon dioxide and 
water In contrast, free parasites oxidize 0 01 M 
pjruvatc in part to carbon dioxide and water and 
in part to acetic acid Under anaerobic conditions, 
pjruxato IS not utilized at all Dismutation into 
lactate and acetate does not occur 
The most gcncralh accepted mechanism for the 
complete oxidation of pjrux ate is the tricarboxylic 

TABLE VI 

Lffect of acid a on the tnearloxyUe acid eyde on the respiration of 
parasite preparations 

Samples containoil 0 C cc pamsitiicd crj-throciacs or ce 
freo parasites (from ditferent eamples of blood) and tbeaubstrates 
indicated below in 0 001 M concentration, in a solumo of 3 0 cc 
0 01 M MgSOi was added to nil samples containing eu nconitato 
or citrate Samples with free paraiitcs all contained the cofactor 
mixture and nlso 0 00033 XI malate w ben the substrate was pjtu 
sate Gas phase air, temperature 40*, time 00 minutes Values for 
parasitized erj-throesdes are from a single tj pical experiment, 
while those for free parasites represent the nserage of four ex 
perimcnts 



TSe. CEVT INCH£ASE Hi 0X1 CEV 

scnsrExii; APono 

covstmraox ovtus ixvel 

VmnODT APDEO StniSTgATES 




Parasitized 

Free 

1 

erjthrocytes 

parasites 

PjTui ate 

111 

167 

Oialacotato 

51 

102 

CIS Aconitato 

0 

44 

Citrate 

0 

16 

cc Kctoglutarato 

8 

SS 

Succinate 

18 

OB 

Eumarato 

10 

179 

Slalnto 

1 

1 

204 


acid cj'cle of Krebs (19), based largely on experi- 
ments with minced pigeon breast muscle Using 
preparations of P gallinacetnn, we have been able 
to perform comparable experiments which indicate 
the presence of a similar oxidatixe mechamsm in 
this organism 

First, free parasites utilize the acids of the tri- 
carboxylic acid cj cle With the exception of citrate 
and cis-acomtate, these substances are oxidized at 
about the same rate as is pyruvate itself Para- 
sitized erythrocytes oxidize only those acids wnth- 
out extra polar groups (table VI) 

Second, oxidation of pyruvate by free parasites 
is catalyzed by the acids of the tricarboxylic acid 
cycle, again with the exception of the tricarboxylic 
acids themselves (table VII) The dicarboxy ic 
acids catalytically increase both the rate of oxy- 
gen consumption and the rate of pyruvate uhhza- 
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tion No catalytic effects have been observed ■mth 
intact parasitized erj'throcytcs 
Third, in both parasitized erythrocytes and free 
parasites, oxidation of pyruvate is stron^y in- 
hibited by malonate In free parasites, the com- 
plete oxidation of pyruvate to COj and HiO is 
almost entirely abohshed in the presence of 
malonate The parasite preparations contain a 
succimc dehydrogenase which is completely in- 
hibited by malonate In the presence of malonate, 
pyruvate and stoichiometnc amounts of malate 
give nse to large amounts of succinate In free 

TABLE vn 

Catalysis of pyrurcle oxidation tn free paronl« bjt malate and 
a-ketoiliitamte 

Samples contained 1 1 cc free paraatea, cofactor ttmrtnre, and 
the other additions indicated below, in a total volume of 3 0 cc 
Gaa phase air temperature 40% time 60 mmutea Values are 
expressed in micromoles 


ST7BSTAKCES ADDH) 

a 

M 

t/O 

P 

?S 

w 

o 

> 

X 

o 

PYRUVATE USED 

ACETATE rORUED 

AM 

9i O 

M p4 

Oo 

Ip 

lie 

gj u < 

None 

1 micramole malate 

Change cauaed by malate 

30 micromoles pyruvate 

30 micromoles pyruvate + 1 micro- 
mole malate 

Change caused hy malate 

7 3 

8 5 
+1 5 

14 4 

19 7 
+5 3 

18 S 

21 6 
+3 1 

n 0 

94 
-1 6 

7 5 

12 2 
-H 7 

None 

7 3 





9 1 





+1 8 





14 4 

IS 5 

ES 

7 5 

30 micromoles pyruxato + 1 mi 






19 3 

17 6 

8 7 

8 9 


-H 9 

H 

-2 3 

-hi 4 


parasites, the effects of malonate on pyruvate oxi- 
dation are almost completely relieved by stoichio- 
metric amounts of malate or fumarate Oxidation 
of glucose and lactate is also strongly inhibited by 
malonate These effects are demonstrated in table 
mil 

These observations indicate that the malaria 
parasite P gallinaccum oxidizes pyrux ate to car- 
bon dioxide and water by a senes of reactions 
similar to the tnearboxy he acid cy cle, which has 
been demonstrated in pigeon breast muscle, pigeon 
lucr, sheep heart, and in man\ other organs and 
tissues It may be assumed that the enzy mes which 
cataly zc these reactions arc similar (although not 
nccessanh identical) to those of other organisms, 
in xuen of the fact that oxidation of pvrux ate in 
the malaria parasite is accelerated by cofactors 
known to be imohcd in the metabolism of py- 
ruvate in other tissues 


The other pathway for oxidation of pyruvate is 
conversion to acetate Intact parasitized erythro- 
cytes form practically no acetate from 0 01 M 
glucose, the approximate glucose level in chick en 
blood It 18 therefore highly improbable that 
acetate is a normal product of the metabolism of 
the malana parasite tn mvo We have accumulat ed 
considerable evidence which suggests that acetate 
IS formed from pyruvate only when the organis m 
IS flooded with high concentrations of pyruvate or 

TABLE Vin 

formation of tueexnate by para«f€ prcparotwww 

Samples contamed 1 0 cc parasitiied erythrocytes of 1J2 cc 
free parasites and the other additions indicated below, in & 
volameof4 Occ Substrates were added at a concentration of 0 01 
M and malonate at a concentration of 0 02 M Fumarate was used 
as a Bubstrat© with parasitized erythrocytes instead of malate 
because it penetrates the erythrocyte more readily Gasphaseair, 
temperature 40®, time 120 minutes for parasitized crj’throcj'tcs 
and 60 minutes for free parasites Values are expressed as micro- 
moles per hour per cc parasitited erythrocytes or free parasites 
Values for succinate actually leprcsent the sum of succinate and 
<t ketoglutarate, since the determinations were earned out after 
heating the samples with aad permanganate to destroj 
malonate, a procedure which ondues a hctoglutarate to sue 
cinate (22) 


! 






SUBSTRATES ADDED 

imo- 

NATE 

5^ A 

u O 

O M 

|2 

Sa 

ll 


ADDED 

O 


2 ^ 

g- 


Parasitized erythrocytes 


None 


14 0 



0 0 


-h 

6 6 



3 7 

Pyruvate 

— 

42 3 

17 7 


1 1 


+ 

14 5 

17 7 


4 6 

Pumanite 

— 

18 1 



0 0 


+ 

11 3 



3 0 

Pyruvate -h fumarate 

— 

42 7 

14 7 


1 0 


-1- 

23 4 

18 0 


3 9 


Free parasites 



'w'hen the mechanism for the complete o'adation of 
pjruvate is in some manner damaged or impaired 
\ balance sheet for pjruvatc oxidation by the 
parasite is shown in tabic DC 
Bnefij, then, the carbohydrate metabolism of 
the parasite inxoKcs the anaerobic conversion of 
glucose to lactic acid by a process of phosphorylat- 
ing gtjcoljsis and the subsequent oxidation of the 
lactate in part to carbon dioxide and water bv a 
mechanism similar to the tncarboxjhc acid c>cle» 
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and in part to acetate, although the iilnsiological 
importance of the latter process seems \cr\ small 

TABLE IX 

Balance of pyrtivale oiirfofion 

Sampler contained paraaiti7ed oryttirooi'tca cqunnlent to 0 8 
cc free parviitca (earned tlirouRli the procedure for tlie prepnm 
tion of free parasites except for the addition of antiserum) or 1 4 
ec free parasites (both preparations from the same sample of 
blood), 0 01 M pjTu\nte 0 00033 M malatc, and cof actor solution 
in a volume of 3 0 eo Gas phase air, temperature 40*, time 00 
minutes Analytical fiRurcs arc expressed as micromoles per hour 
per cc free parasites Values desicnated “corrected for acetate" 
acre calculated by aubtraotinR the oxyRen and pjTuxato used 
and the carbon dioxide formed in producinR acetate on the basis 
of the analytical fipures for acetate and the equation pj rux ate + 

1 Oi— ‘acetate + COi The pj rux ate complotclj oxidized was 
calculated by di\ idinp the oxyRcn used corrected for acetate bx 

2 6, on the basis of the equation pjTux ic acid + 2J Oi — • 3 COi + 
2 H 0 



PATlASmzrD 

TRFr 


ERYTITROCYTE 

rARA*^ITFR 

Oxygen used 

52 4 

23 2 

Total carbon dioxide formed 

07 1 

31 7 

Pyruvate used 

25 0 

IS 0 

Acetate formed 

0 6 

0 5 

PjTuvato oxidized to acetate 

0 5 

0 6 

Pyrux ate oxidized completelj 

20 8 

8 0 

Pyrux ate accounted for 

Per cent of pyrux ate accounted 

21 3 

14 5 

for 

85 

78 

Respiratory quotient | 



Obserx ed 

1 28 

1 37 

Corrected for acetate 
Oxygen/pyruvate ratio 

1 28 

1 20 

Obserx ed 

2 10 

1 25 

Corrected for acetate 

2 11 

1 05 

Actix ity ratio, free/erythrocytic 



Oxygen consumed 


0 44 

Pyrux ate used 


0 74 


It should be pointed out that all of the metabolic 
reactions x\ e have described, and by inference, the 
enzyme systems which catalyze them, ha\ e analo- 


gies m other tissues We haxc no assurance, how- 
ever, tluit (he parasite enrjmcs responsible for 
tliesc effects arc the same as those responsible for 
the same reactions occurring in other organisms 
Actuallv, \\e hate some exidcnce suggesting dif- 
ferences between the cun me svstems involved in 
parasite metabolism and tlieir analogs m other 
(issues W'c hate observed differences in the 
sensitiv it> to the antimalarial drugs between para- 
site cnzvincs and those performing a similar func- 
tion ip other (issues (20) This ma> well represent 
a fundamental difference in the actual composition 
of (he enzvme sj stems themselves The further 
studj of this fact max prove to be of the greatest 
importance in understanding the differential effect 
of chemotherapeutic agents on the parasite and 
its liosf 

W'^c have been concerned here with onlj one 
phase of the life c^cle of the malaria parasite 
With the dev elopment of new techniques and in- 
creased knowledge of the v'anous stages in the life 
cvcle of the ]iarasito, it maj be possible to extend 
the biochemical work to a studj of these other 
forms At jircsent the technical problems that 
must be solv cd in order to stud^ such seem very 
formidable 

These data which I have presented to jou, while 
thev arc admittcdlv fragment arj , represent the 
most complete information available concermng 
the onzvmic composition of a member of the 
Protozoa It is of particular interest that we have 
not jet encountered enzjTncs or metabolic prop- 
erties of the Plasmodia which have not been pre- 
viouslj know n iii other organisms As j et, none of 
our data afford anv opportunitj for ex-pIaining the 
lughlj specific env ironmental requirements of the 
parasite, which shift with each phase of its life 
lustorj How cv cr, it is perhaps not too optimistic 
to conclude that we now have the beginnings of a 
sufficient factual and techmeal experience to per- 
mit us to proceed m such a direction 
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CHEMICAL A2vD HUTRITIOXAL OBSERVATIONS OK :\L\L.ARIAL 
PARASITES GROWN IN VITRO ^ 
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Soon after undertaking a studj of the biochem- 
istry and metahohsm of the malarial parasite and 
the mode of action of antimalanal drugs, it became 
apparent that one chief stumbling block that pre- 
\enfcd the answering of man 3 questions nas the 
jnabilitj to obtain growth and multiplication of 
the malarial parasite outside of the amnial host 
Our attention was, therefore, directed towards an 
attempt to remo\e this stumbling block \s a 
result, methods are now aiailablc (1) which per- 
mit the in rifro growth and multiplication of the 
malanal parasite The expenments to be descnbed 
here will deal onlj* with the results obtained from 
the application of these techmqucs to Plasmodium 
I noiclesi 

TABLE t 


Summery of %n vxtro cultivation experiments in vhich ticofo^d or 
better multiphcciton of parcaUs has occurred tn 
hours 
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of a mixture of salts, glucose, amino acids, \ata- 
mins, punnes, pjnmidines, and seaeral other 
organic components (2) The simplest medium on 
■which growth and multiplication are supported is 
an isotomc salt solution containing glucose and 
para ammo benzoic acid In the absence of either 
glucose or para ammo benzoic acid the parasite 
fails to grow Ma'ximum growth and multiplica- 
tion occur howexer, when the complete nutnent 
medium is emploj ed \ttempts ha\ e been made to 
fractionate the complete medium into essential 
and non essential components wnthout success It 
isexen difficult to show the effect of \anous blocks 
of nutrients on growth In table 2, the results of a 
tx pical experiment of this sort are shown Here the 
addition of intamms or xitamins plus punnes or 

TABLE 2 
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Bith this parasite, we base regular!} obsened a 
three- to fourfold increase m population dunngits 
life c}cle of twentx four hours \ summar} of the 
e'cpenments performed with the three different 
culture methods that w e emplo} is gi\ en m table 1 
A fourfold multiplication is the as erage for a total 
of 235 cxTienments though as high as clei enfold 
increases ha\ e been recorded in a few expenments 
It IS thus possible to obtain a quantitatn e as well 
as a quahtatiac etaluation and compansou of 
parasite growth under control and e'cpenmental 
conditions 

One t}pc of stud} that ma\ be undertaken on 
parasites grown tn ritro is an assaa of their nu- 
tntional requirements The nutnent medium that 
wc haa c emploa cd m our culture w ork is composed 

> The work descnbed in this paper was done m 
collaboration with the indnaduals listed in refer- 
ence (1), and under a contract, recommended b> 
the Committee on Medical Research, between the 
Office of Scientific Research and De\ clopment and 
the President and Fellows of Hanard College 


pxnmidmcs to the basic glucose and para ammo 
benzoic acid medium causes but little improxc- 
roent in the quantitatixe aspects of growth When 
all components arc present, the multiplication of 
parasites is markedU increased The same results 
are obtained if the order of addition of the i anous 
blocks IS changed For example, the addition of 
ammo acids alone or m combination with one other 
group shows but little stimulation of growth 
Punnes and p}nmidincs when added together 
seem to produce the best response of an} combina- 
tion of two blocks of nutnents Undoubtedh , 
studies of this sort must be complicated bx the 
fact that the normal scrum and red blood cells 
present in the culture medium cont nbute unknown 
nutritional factors The ideal procedure for such 
studies would be to emplo\ parasites grown free of 
serum and the host red cell Tins has not been ac- 
complished as Net One step m this direction has 
been taken, howc\er, m achieving the growth of 
the parasite wnthm red blood cells washed free of 
serum and suspended m a S}’nthetic medium con- 
taining 1 per cent cnstallinc scrum albumin The 
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presence of albumin seems to be ncccssarj for the 
maintenance of the mtcgntj of the host reel cell 
during the cultivation period 
Another point that it has licen possible to es- 
tablish bj’’ in vitro cultivation of tlic malarial para- 
site 18 that it will grow and multiply at \cry low 
oxygen tensions Indeed, high oxjgcn tensions are 
definitely detrimental to its sur\ivnl in iitro 
These facts are evident from the data jiresenled in 
table 3 When the gas phase in equilibrium with the 
medium contains 95 per cent oxygen, the parasite 
fails to multiply and at the end of a 21-hour eiil- 

TABLE 3 


Effect of oiVQcn tension on parasite groieth 
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• In nil cases, S% COi present, residual gas is nitrogen 


TABLE 4 

Aelton of gutninc tn viro 


TIME AFTER 
INITIAL 
INJECTION 

BLOOD 

QUININE 

TOTAL 

PARASITES 

' abnormal 

FORMS 

hrs 

mg fL 

% 

CL 

/O 
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0 

2 4 

3 

1 

22 4 

4 5 

2 

4 

22 8 

C 8 

2 

12 

11 0 

6 5 

8 

22 

6 4 

1 0 

18 

24* 


1 1 

5 

28* 

17 2 

0 7 

43 

48 

3 8 

0 1 

00 


• At 24 hours, there was injected intramuscularlj 300 mg 
and at 28 hrs 100 mg of quinine dihj drochloridc 


ture period, nearly half of the parasites present 
are in poor condition or extracellular On the other 
hand, the parasites grow and multiply readily 
when the gas phase contains as little as 0 39 per 
cent oxygen Though growth and multiplication 
appear to be best at this level of oxygen tension, 
we have regularly employed in our culture work a 
gas phase containing 20 per cent oxygen, since 
this approaches the content of oxygen in alveolar 
air and thus more nearly duplicates in vivo condi- 
tions These results certainly seem to indicate that 
the malarial parasite does not invade the red cell 
because it desires an environment with a high 
oxygen content 

The action of antimalarial drugs upon parasites 
growm in vitro may also be studied A comparison 
of the action of such drugs both in vitro and in vivo 


IS of inlcrcsl in connection with the problem of 
drug degradation that occurs within the animal 
bodj in so inanx cases Often the question arises 
ns to whether t lie degradatne products or the drug 
prr sc exhibits the predominant nntimnlnnal 
action In the ease of quinine and atnbrine, it 
has been found that tlic same concentration of 
tlicsc drugs IS rofiuired to suppress the growth of 
P I Hnulc<!i in 1110 and in iitro This fact suggests 
that it IS tlie drug itself whicli exerts tiio predomi- 
nant action \s an ( xample, an experiment with 
quinine nia\ be iiresented ^Micn about 2 per cent 
of the red ceils of a inoiilvtx w ere pnrasiti/cd, blood 
was remoxeil bj x enapiineturc and two culture 
xesscls were set iqi adding 10 mg of quinine per 
lifer to one of them Then the parasitired monkey 
was gixcn quinine dihxdrochlonde One hour 
later, blood was again withdrawn from the animal 
and an additional eultiire xesscl set up Blood 


T\BLE 5 

Action of yiiininr in eitro 
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samples x\ ere then x\ ithdraw n at interx als from the 
cultures and the animal to determine the lex^els of 
quinine and changes in parasite count and mor- 
phologj Table 4 shows the in vivo action of qui- 
nine while table 5 gixes the in vitro effects Al- 
though the differential effects are not given here, 
in both tlic in iitro and in riio experiments, there 
was a definite slowing of the parasite’s life cjcle 
The morphological changes produced by the action 
of quinine xxere similar in titro and in vivo Similar 
data have been obtained for atabrme 
Another example that may be given of the action 
of a drug upon in vitro growm parasites is that o 
sulfadiazine In this case, it has been possible to 
demonstrate the antagonistic action of para-ammo 
benzoic acid against the drug’s effect In figure 1 
an experiment is portrayed which illustrates this 
antagonism As mentioned earlier, the parasite 
fails to grow and multiply in vitro in the absence o 
para-ammo benzoic acid This is evident from t e 
data presented in figure 1 for the control culture 
The addition to the culture of as little as IO 7 imr 
cent of para-ammo benzoic acid (P A B ) is su 
cient to produce good growth and multiplication 
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of the parasites Larger amounts seem to bo less 
beneficial to grow lb Ho^\e^or, m the presence of 
1000 y per cent of sulfadnnne, growth ilocs not 
occur in the presence of 10 y per cent of P A B 
With this amount of sulfsdiarme present, growth 
will result onU when the P VB concentration is 
raised to 100 7 per cent It should be pointed out 

r •«! ttvtf 



Eig 1 Sulfadiazine para ammo benzoic acid 
antagonism os obsen cd on the second generation 
of 111 iiiro grown parasites 



Fig 2 Cheimcal changes in red blood cells as 
their parasite content increases in mo 


howe\er, that the antagomsUc effect of these two 
substances cannot be observed on the first genera- 
tion of parasites grown tnrilro In the experiment 
portraj ed, the results are for the second genera- 
tion of parasites, the first generation havang been 
also grown under the experimental conditions 
gi\en here 

A compansonhas also been made of the chemical 
changes that occur in red blood cells as their 


parasite content incrcnBcs in mo and in vitro Tlic 
data presented in figure 2 are for in iivo changes 
Tins data was obtained by analjzing red cells 
drawn from a monkey before parnsitization and 
again on two occasions after pnrasitization when 
the per cent of parasitized cells had reached 17 per 
cent and 15 per cent, respectively 
Nucleic acid phosphorus is reckoned ns the 
difference between total phosphorus and the sum 
of phospholipid and acid soluble phosphorus 
With the exception of the acid soluble phosphorus, 
there is observed a marked increase in all listed 
components or metabolic process rates for total 
red cells ns the jicr cent parnsitization increases 
It mn^ he calculated from the data given that each 
parasitized cell m this experiment consumes 
npproximatclj fiftj times as much glucose and 
oxv gon ns a normal red cell Somewhat more than 
half of the glucose that disapjicars in the presence 
of parasitized cells is accounted for ns lactate and 
not more than one sixth of the glucose disappear- 
ing IS complclclj oxidized Each parasitized coll m 
this experiment contains 4 times the fatty acids, 
3 times the total P, 2 4 times the 15 minute hydro- 
Ijzahlc P, 3 8 times the phospholipid P, 13 5 times 
the nucleic acid P, and 9 times the flavan adenine 
dinuclcotidc found in a normal red cell 
Comparable studies have been made on P 
himrlcsi grown in ttiro The results are similar 
except for the case of oxygen consumption Multi- 
plication of parasites in vitro has not been at- 
tended by the same increase in oxy gen consump- 
tion that IS observed during multiplication in 
iito Wc have, as yet, no explanation for this 
phenomenon It should also he pointed out that, 
thougli increases in flavan adenine dinucleotide 
occur during multiplication of parasitized cells 
both in vitro and in vivo, an increase of tins com- 
ponent has also been observed during culture of 
normal blood cells in intro It is thus possible 
that the increases observed in this component 
represent synthetic activity on the part of the red 
blood cell rather than by the parasite itself 
These are a few of the types of chemical and 
nutritional observations that may be made on 
malarial parasites grown in vitro Many other 
questions concerning this parasite remain to be 
answered It seems likely that studies made on 
parasites grown in vitro will be helpful in solving 
some of them 
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METABOLISM OF THE MALAllIAL I’ARASITE 

Action of Antimalauial Agents upon Separated Plasmodnm Lophiirac and upon Ceu- 

TAiN Isolated En/ame Systems' 

LESLIE HELLERMAN, MARIANN>V R ROVARNICK and CURT C POUTER* 
Dcparlmcnl of Plnj<fwlogical Chcim'^lry, The fohns IIopI lu’i Umur il'i, School of Medicine, Baltimore 


This review will recount liricfh the results of 
investigations of a hiocheimeal iiatuie tliat weie 
undertaken in this Laboratori in an cffoit to gain 
insight into the chnractcristiLS of the action of < er- 
tain antimalarial agents The subjcit matter is 
based upon the content of seicral pajiers dealing 
with the metabolism and jirojierties of separated, 
erythrocytic forms of P Lophnrac (1, 2) and with 
the behavior of certain agents (3) with isolated 
enzyme systems, and in addition a few obscria- 
tions as yet unpdblished The results suggested 
several evplorations of a sjnthetic nature ’ ' Rut 
their greatest interest laj apparcntlj in the obser- 
vation of interference b}' quinacrinc (atabnne) 
quinine, and related compounds, under specified 
conditions, in a transphosphorvlation action os 
sential to the utilization of glucose in the lophurac 
organisms, as well as in quantitative data concern- 
ing combinations of basic aromatic compounds 
wuth a number of specific proteins 
Evidence of a qualitative and senu-quantitatuc 
nature forcibly suggests a competitu e relationship 
between quinacrinc and adenosine 5-phosphatc in 
lophurac Observations in this Laboratori and 
elsewhere indicate further that quinacimc, qui- 
nine, and various related compounds all share the 
property of combination with proteins Certain 
enzymes are inhibited in processes tliat mai be 
competitive or non-competitive w ith i espect to the 
substrates or to prosthetic groups The efiects 
may be reversible or irreversible, depending upon 
the nature of the aggressive agent, the afTected 
protein, and the conditions 
The observations appear of some general in 
terest for the action of synthetic and natural ther- 
apeutic agents, from the point of view of the 
malarial problem, they suffer for lack of more coin- 


* The work described m this paper w is done 
under a contract, recommended by the Committee 
on Medical Research, between the Office of Sci- 
entific Research and Development and the Johns 
Hopkins University 

* With technical assistance by Ann Lindsay and 
Henry Frank Koster , and Harry J Low e and J R 
Kimmel, Henry Strong Denison Scholars for 
1946-47 

* Phenazthionium compounds To be published 
'* Derivatives of phenylalanine and of auramine 
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jiielu iisivc t \|i( runceofllu kind empli isi/( d here 
111 rispcit to the nut ibolisin of mal iri'il cdls of 
difftri'iit spin Its and to this evttiit must lie con- 
sidend pn liminarv in nature 
Stparntid pnrtisilt ninlcrinl Toinvistigati more 
tlostlv tin interffremi of rhemu il igtnls wilii 
nutabolK pro((ss(s of the jiarasitu lells, and to 
supiikimnt studies (1, j, (>, 7, S '>) upon para- 
sitized erv throi \ t( s, it was deemed advisable to 
attempt tbe isolation and studj of surviving, 
erv tbrof V te free in ilarial parasites of one or more 
striins, sinh isolated material to retain in high 
tlcgrte the initial resjuratorj aetivitv and some 
stabilitv of activitv This was actomplished (1) 
with the red tells of dutk blood, heavilv parasi- 
tized with Plntinudium lophurac, bv the controlled 
actum of saponin, a reagent that previouslj had 
been used bv Chnstojihers and Fulton (10) There 
were obtained prejiarations with in 0— uptake of 
ISloCOmitro liters jicr 15 min period for parasites 
from 0 G ml of blood, representing 70 to 90% of the 
mill d rcsjnratorv activitj of the parasitized red 
cells The parasites eould be kept at 0° for 24 
hours without much loss and thev retained some 
infcctivitv for ducks For present purposes they 
mav be regarded vartuallv' as surviving tissue It 
will bo noted (1) that the success m their separa- 
tion deiiendcd iqion the use of a minimal concen- 
tration of sajionin and a minimal time of action at 
a temperature, 37°, substantiallv optimal 

Substrates utilized The initial respirator} rate 
vv is inaMin il with lact ilo and pvruvate as well as 
with glucose In the case of glucose the rate at the 
end of the third hour w as 80 per cent of the initial, 
declining slow 1} thereafter When in place of one of 
these substrates, succinate or fuinarate was em- 
ploved, the initial rate was approvimately 30 per 
cent of the glucose rate Only pure sodium py- 
ruvate was utilized by separated parasites, a 
marked toxicity w ith respect to isolated tropho- 
zoites (although not apparently to parasitized red 
cells), observed ( 1 ) with improperly prepared solu- 
tions, was reimndful of the experiences of Peters in 
connection vv ith another problem (11) 

In the absence of added nutrient, oxygen uptake 
was insignificant When, how ever, there w as added 
adenylic acid oi adenosine triphosphate, an ap- 
preciable and rather stable respirator} activity 
was observed This effect was attributed ten- 
tatively to the utilization under these conditions 
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of m intr'icelUihr sul)''tr»tp, pnx'iUh i pohs-ir 
( Inndc 

Effect oj Ecaoi’tl'^ H'c rc‘ipir»tor\ nrti\it\ of 
"-i panted p inMtcs uitli nn initial 0 uiitake of 27 
to 35 nitero liters per 15 iiiiu jier 0 0 ml mid U Q , 
0 S3 to 0 <13, \\ as aliolislicd In ha dropen r\ miidc, in 
eonsistenei with olicenationa of others norkmj, 
null pinsitired bloods The letioii of the me 
diitor d\e eresil blue, upon normnl iiiielented 
tr\throc\tes was known to be stiinulnton , and 
w IS ob'ori ed bi us to enh nice also the respir iton 
ntc in the case of p\r isitired red cells, but tlioiUi 
b ul 1 sninewhal toxic effect upon scparitcd para 
sites, roducinR the rite approxinntcK loCc It is 
iiucrestiiip to note therefore that superposition 
of the letion of the rexersibli rcducnble d\c upon 
iianide inhibition resulted in an vpprcciablc 
restoration of the respirator! actiMti, both for 
sep ir it od parasites with 11 Q reduced tiow to 0 0, 
ind for parasitized red rolls 
The effect of quinacrine of initial concentration 
0 001 M upon the parasites, whether soparated or 
in red cells, and wath glucose or p\ ruiatc, was to 
reduce the rat e of Oj upt ake onh 50 1 o CO per cent , 
if the initial concentration was 0 0001 M the per 
cent inhibition was 20 to 25% Quinine’s effect 
was still smaller Negligible niorcoxor was the 
effect of quinacrine or quinine upon the rospi 
ration elicited bx crcs\l blue after c>nnide 
poisoning 

Somewhat similar results were noted when azide 
w as used in place of c> anide 
These observ ations suggested th it in these para- 
sites the respirator! enzjme (c! tochrome oxidase) 
was normnlh sensitne to cj anide or azide and 
little sensilixc to the action of quinacrine Thej 
did not appear to be consistent w ith an In pothcsis 
that the action of certain antinialarinl agents was 
to be attributed in P tophurae to a specific effect 
upon a dissociating flax o cnixine functioning in 
the cat ah tic chain for oxidation 
Detailed results, elaboration of the argument, 
ind bibliographic references are gixen m (1) and 
(2) The true concentration of quinacrine in these 
tests was found bj fluonmetne analx sis to be of a 
loxxer order of magmtudo than the initial calcu- 
lated, OX! mg to combination of the drug with 
erx throe! tic nuclei as xxell as xnth parasite sub- 
stance The red cell nuclei had been released xxith 
the parasites but under none of the conditions used 
m these studies were found to contribute to 
metabolic actixitx 

Sxtlfhydrpl binding reagents, other substances In 
experiments hitherto unpublished it xvas found 
that sodium p chloromercuribenzoate, 0 0001 M, 
stopped oxidation of glucose and of pxruvate in 
separated parasites, no reversal xvas realized wath 
glutathione, 0 001 M, although the latter reagent, 
itself, did not affect the rate lodoacetate abol 


islicd respirator! nrlixitx Mnloimtc, 0 001 M, 
ciiiisid a decrease of 30% with glucose, and 50% 
with px ruxiile Glutamate, 0 03 M, phenxlnianino, 
0 02M and aspartate 0 003 M iiiliibited 10,30, and 
lO'f.respottixelx 

Oxidation tii separated parasites tnitialhi ilcplctcd 
of substrate Parasites that had been thoroughlx 
« xhausted of substrate xxerc found to oxidize glu 
cose onlx after an induction period (2) In the 
presence of quiiiatrine the oxjgcn uptake tlicn was 
stronglx inhibited at tonsidcralilx lower concen- 
trations lliaii laid been oliserxtd with cells that 
h id not been deprix eil of glucose P or illustration 
(2), after restoration of glucose to depleted cells, 
the rate of 0 uptake after the first ISniinutc 
period was onlj 8% that of non depleted or 
gamsins After 30 mm , it was 3-1% The final (max- 
imal) rate under these conditions was 59%, con- 
noting measurable cellular injurx during the 
period of substrate remox nl \\ lieu quinacrine xxas 
added in an initial (aiiparcnt) concentration of 
0 0001 M either during the period of substrate 
reinoxal or immcdiatclx before glucose, the do 
crease in the final, maximal rate was 85% (78 to 
95% for 21 exporimcnta) With none of the other 
substrates (see nbox e) w as a similar, marl cd induc- 
tion period obserxed But pxruxate oxidation by 
depleted cells showed considerable sensitixity to 
quinacrine 

The induction period was shortened matenallj 
in the presence of funiaratc, succinate, adenjho 
acid (adenosine 5 phosphate), or adenosine tri- 
phosphate (ATP) the four substances exhibiting 
comparable clTect if added during the period of 
substrate remora! Action bj ATP added simulta- 
neouslj with glucose was less rapid than bj anj of 
the other three substances similarlj added, owing 
probablj to impcrmeabilitx of the cells to ATP, 
the action of the latter substance under the condi- 
tions presumablj w as predicated upon preliminarj 
lixdrolxsis to adcnxlic acid The final rate with 
succinate or fumarate was significantlj greater 
than the control, and onlj slightlv greater with 
adenxhc acid, consonant with the observations (1) 
of an additive action of the first two when used 
with glucose m contrast to non additive effects m 
the case of adenj he acid or ATP 

Reversal of the qiiinaerine "block” bij adenylic 
acid Adenj he acid or ATP xxas found to exert an 
almost specific action m preventing the inhibitory 
effect of quinacrine with respect to glucose utiliza- 
tion in isolated parasitic cells initiallj depleted of 
substrate The characteristics of the antagomsm 
suggested a competitive action, the degree of re- 
versibility depending upon the concentration both 
of quinacrine and adenxhc acid ((2), Table III) 
Some reversal was effected also by fumarate and 
b> succinate However, protection bj the latter 
tw o metabolites w as observed onlj when they were 
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present throughout the test, \\hile adenylic ncicl 
acted whether added before or after substrate de- 
pletion The decrease in scnsitivitj to qiiinacnnc 
observed in the case of fumaratc or succinate was 
considered to be related to frequent observations 
that the oxidvtion of numerous sulistratos is as- 
sociated with jihosphorjlation, tending to main- 
tain a high level of ATP 

As a check on the significance of the inonsurc- 
nients of oxygen uptake, glucose disaiipearanrc 
w'as estimated simultaiieouslj in several experi- 
ments The results from the two methods wen in 
agreement In contrast to the action of added 
adenylic acid or ATP in substrate depleted lells 
was their complete lack of effect upon the qtiiiia- 
crine inhibition of 0: uptake of cells never 
deprived of glucose 

Numerous substances were tested and found to 
have no influence whatsoever upon fa) the rite 
during the period of depletion, (b) the length of 
the induction period, and (c) the inhibition b} 
quinacrme Such substances were jeast adcnjlic 
acid (adenosine-3-phosphatc), hexose diphosphate 
(which probably did not pentrate), adenine 0 001 
M, spermine or spermidine 0 0004 M, pyndoxine 
0 17 mg per ml , flavin mono- and dmuclcotides 
17 7 per ml , cocarbox-ylase, coenzj me I, and a 
mixture containing adenine, guanine, uracil, 
xanthine, thiamine, nicotinamide, mcotinatc, p- 
aminobenzoate, pyndoxine, pantothenate, ribo- 
flavin, choline, and nbose 

Action of various agents, adenylic acid as an- 
tagonist The follow mg compounds were found to 
resemble quinacrme m being markedly inhibitor} 
in a concentration that w as only slightly or not at 
all suppressive wath cells never depnved of glu- 
cose quimne, plasmochm, auramme, “novalaur- 
amme”^ and several others ((2), Table VI) Here 
also reversal was effected by adenylic acid Sul- 
fanilamide, 6 methoxy quinoline, and the complex 
ammo acid,'' ^ SN 11,527 displayed no suppressive 
action 

Phosphate distribution In view' of the apparently 
specific action of adenylic acid m antagonizing the 
action of qumaerme and certain other compounds 
in substrate-depleted cells, it W'as considered of 
importance to study the alterations m some of the 
constituent phosphate compounds under various 
conditions ((2) Tables IX and X) It may be said 
m general that incubation for 100 minutes in a 
speci al egg albumin buffer, without substrate, led 
to an increase m inorganic and total acid-soluble 
phosphorus and to decrease m organic and labile 
phosphorus On subsequent addition of glucose the 

6 The Survey number, designated SN, identifies 
a drug in the records of the Survey of Antimalanal 
Drugs, antimalanal activaties are tabulated in a 
forthcoming monograph edited by F Y Wiselogle 


changes in organic, inorganic, and labile phos 
pliorus were reversed partiallj, unless qtnnncnnc 
was present in a concent ration sufficient to prevent 
oxjgen uptake Sciiaralf analvsts of cells and 
BUjiernatant indicated that no labile phosphorus 
was ever present outside the cells, although some 
ester phosphorus did apiicar in the supernatant 
VTP was found to be present m the cellular 
Inbilf fraction 

Dtsru<;iion I roni the cv idcncc citcfl above it has 
been contlufled (2) that the induction penod in 
the 0 X 1(1 ition of glucose bv substrate depleted 
cells IS related tei the nee c«sit v for phosplior} lation 
of glucose be fore this Mibst rate can be utilized, and 
that eiumacrme and e e rtain other agents interfere 
with this phosiihorv lation, possibl} by competi 
tioii with adenvlie acid, VTF, or both This hj 
pothesis IS consistent with observations suggesting 
that the carbohvdratc metabolism of Plasmodium 
lophurnc resembles markedlv that of other cells, 
0 g , mammalian tissue cells The latter assump- 
tion would receive general support also from 
studies such ns those of Speck and Evans (12) 
who extracted from preparations of Plasmodium 
(/of/ianrcma various cnzvmcs that displnjcd prop- 
erties similar to those involved m the metabolism 
of tissue cells It is of interest that isolated hexo- 
kmasc of galltnaccum, catalv zing the phosphor} la- 
tion of glucose bv VTP, w as found to be notabl} sen- 
sitive to the action of quinacrme The antagonism 
to the effect of quinacrme bv adcnvhc acid or •kTP 
observed in the iiroscnt investigation suggests that 
quinacrme mav compete with one or both for an 
cnz}mc protein This concept, rather than the 
possible combination of the drug wath a coenz}me 
of phosphor} lation, appears to fit best the avail- 
able experimental facts, although the matter will 
be scrutinized further In cells alread} metabo- 
lizing glucose the rclativ'ol} lower degree of in- 
hibition b} quinacrinc is found to be unaffected 
by an increased aden} he acid concentration The 
latter substance probablv is maintained chiefly 
as ATP during a process involving continuous 
oxidation Thus, m paras tizcd red blood cells in- 
cubated for several hours without added substrate 
the absence of an induction period and of signifi- 
cant inhibition by quinacrme of the oxidation of 
glucose ma} also be attributed to conservation of 
ATP accompanying their slow but continuous 
utilization of glucose This may underly also the 
beneficent action of fumarate in separated para- 
sites depleted of glucose 

With respect to in vivo action, it is conceivable 
that certain antimalanal drugs might cause inter- 
ference with some phosphorylation reaction es- 
sential to the life or reproduction of the cell Such 
a process would not necessarily be rate-limiting 
with respect to respiration It is important to 
recall in this connection that there has been 
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ol)scr\ril in tho nrtion of i rithor wnio \ inotx of 
onzMiiO'! sonip dcprcp of vcnMUMt\ toquinmnno 
ind other niitimihrinl drups llie genernl reap 
tiMt\ of certain npent*. nitli rp->pppt to spenfip 
protein"; will he di-spu-i'ed pre'-entl\ 

Concprninp the niodp of neiion cpeiificnlh of 
mtinnlirnl driipa, i\p ha\p pre"-pntcd from this 
phicp of tlip cvploration onh perl mi elTepta in 
piri'-itic coll"; under a linutod "set of condition";, 
and obvioiiph lia\e not dealt uith cert un otlier 
nutterv of great prieticil ind theoretic il inipor- 
tince The'-e aspects, in in\ of ninth hate Iicen 
treited adcqintch t>\ other unestip it ors, ineludc 
hull heniictil considerations repirdinp absorption, 
pin biological distribution plisnia and tisbue 
Iciels, degradation and destruction of igcnts, 
elimination, etc \\e ha\e omitted discussion of 
possible sinerpstic effects in the nictabolibin of 
parisitcs and the host red cells Certain plnsical 
chemical properties of the drugs in relation to 
phibiological action are under inicsligation ‘ V 
number of perplexing and interesting matters that 
arise from the studs of mlerfcreiice ii ilh the action 
of quinacrinc under a \arict\ of conditions in 
Imnp organisms ha\ c been rei icw cd rcceiith f 13) 

Action upon sacral trolakd rnii/nics The objec- 
tives of this phase of the investigation have been 
presented (3) Observations of the potential inter 
ferenco of vanous agents in the metabolic proc- 
esses of “sunaving”, isolated cells have been 
paralled bj studies of reversible and irreversible 
actions of such compounds upon several isolated 
enrvnies In a fevr cases the investigation has pro 
ceeded far enough to merit consideration here 
Certain correlations in the bchav lor of quinacrine, 
quinolines, and a number of related compounds 
can be made the basis of further studies of bio- 
chemical action 

The ev idcncc cited earlier suggested no unusual 
sensitivntj to the action of quinacnne of the re- 
spiratorv enzvme and the cvtochromcs of P 
lophurac Further general information concerning 
the iron-contaimng cnzjmcs was provided in a 
studv with crjstallized catalase of beef liver Ititli 
the use of a manometnc method, at 30' and pH 0 G 
(potassium phosphate), concentrations of catalase 
and hv drogen peroxide were so adjusted that the 
decrease in the substrate a as first order during the 
first ten minutes Conditions then were arranged 
so that hj droxj lamine in a concentration of 1 55 
X 10~‘ M was required to double the half period 
"U ith tins designated as 100, the relative inhibition 
bv toluidine blue, methjlene blue, orthochloro 
phenol indophenol and thiomne, all metal free, 
was observed to be onlj 1 35, 0 7, 0 02, and 0 009, 
respectiv ely Quite negligible under the same con- 

' Irvm, J L , pnvate co vmumcation, cf Irvin, 
J L and Imn, E M , Fed Proc 6 139, 1946 


ditioiiH was niiv effort bj quiiiacniio, quinine, or 
quinine metboehlorido Under another sot of con- 
ililioii"; where meth\lciie blue iiihilutcd 78 and 51 
per cent when 0 001 and 0 0001 M, respect nelj, 
flio inhiliilori effect with 0 001 M quinneritie was 
5ptrient and with 0 001 M quinine, zero 

Ijipnsf '1 he sensiimlj of li|)n<;(.s to quinine has 
been known for some vears Ilona found that the 
rule of tribiitv nil hvdrolv sis was decreased signifi- 
cinlh bv quinine in low coiiceiitritionwlicn serum 
or)>anerenfic Iqinse, but not liver or kidiiej Iqiase, 
w IS the eatahst Other workers have observed 
V irmtion in the sensitivitv of lipases derived from 
various orgiiis of different species An exlensivo 
investigation IS that of I niton (11) Using the drop 
iiiethod, with tnbutvnii as substrate, he tested 
the cfTcct of some of the cinchona alkaloids and 
also svnthctic antimalnrials and observed marked 
depression in lipase activitj particularlj in the 
case of the enzv nies of monkev and human sera 

Wo have used a purified pancreatic lipase and a 
niaiiomctric method of satisfactorv precision W'e 
need not encumber this review with complete de- 
tail, but It should be stated that reaction mixtures 
contained bicarbonate carbonic acid buffer, 
sodium and potassium chlorides and sodium 
cholate, in an atmosphere consisting of carbon 
dioxide, 5 per cent, and nitrogen, 95 per cent Ac- 
tion upon tnacetin was not slowed bv quinine or 
quinacrinc, but the rate of lijdrolvsis of tribu- 
tvnn was depressed mnrkcdlv in the presence 
of quinine, quimdinc, cinchonine, cinolionidine, 
quinacrinc, and the 4 aminoquinoline derivative, 
SX 6911, moderatclj bj quinine methoehlonde, 
G methoxv quinoline, and dicthv lanilino, and not 
significantl.v bj di n butj laminopropanol and the 
sulfonamides Quinacrinc or quinine, 0 001 M, 
drasticalh slowed the hvdrolv sis of tricaproin 
and tricaprvllin 

I ipase, under the conditions used in this work, 
was unaffected b> lodoacctamidc, glutathione, 
cj slcinc, cj anide, urethane, Ca'*^, Mg^, or Mn'^ 
ions, it was inactivated more or less by Zn++ and 
Cu"^ ions and bj mercuric chloride and sodium 
fluoride, also bv action during 30 minutes of o- 
lodosobonzoate and p chloromercunbenzoate 
Those results gav e little indication as to the nature 
of an active and especially sensitive group 

Of the antimalanal drugs studied, among which 
were included those identified bj Survej Num- 
bcrs» ’ 5090, 5949, 1796, 6520, 7275, 4085, 4517, and 
7191, all in 0 003 M, onlj those containing the 
quinoline or acndine nucleus proved to be lipase 
inhibitors However, methjlene blue was shghtlj 
depressant, while 7 di-n butjlarmno-3-diethjl- 

’ SN 5949 IS a 1,4-naphoquin.one derivative, SN 
1796, a tetrahydrophenanthrene methanol com- 
pound 



404 


FEDERATION PROCEEDINGS 


amino-l-methjlphen'izthionium rliloncle,’ SN 
8285, a dje reported^ fo possess an nclnily I Q 
with respect to lophurae or calhcmo non infections 
m ducks, was powerfull}’’ inliibitoiy But, marked 
depressant action was manifested also liy tlic mem- 
bers of a group of non-antimalarial aendine com- 
pounds (SN 4472, 2667, 4402, and others) pos- 
sessing a nucleus identical witli tliat of quin n rine 
but differing striieturallv fiom quinacnne in 
respect to the substituent in position 0 
It has seemed most leasonablc to suppose that 
the action of the several lipase inhibit ois was 
directly upon the enzjme-piotein With fiuin i- 
crine, quinine, and the d 3 c, 3-dietln lamino- 
7 - mono - n - but 3 'lamino -1 met In Iphenazthioimim 
chloride’, it was found that the effects could be 
formulated as reversible inhibitions Here the data 
fitted well the expression. 


log K = log 


100 — % inhibition 
% inhibition 


-f log [inhibitor] 


For quinacnne, the value of log K varied —3 2i>, 
—3 55, —3 79, —3 67, —3 55, —3 58, a\ eragc, —3 G, 
in the concentration range 1 X 10~^ to 3 X 10"’ M, 
while log Iv for quinine was —3 31, —3 30, —3 19, 
average, —3 3 For quinacnne’ and quinine respec- 
tively, the concentrations X 10< for 50% inhibition 
w ere 2 5 and 5 

LacUc dehydrogenase, heart Jlavopwlctn {15) 
There resulted a small inhibition of the deh 3 dro- 
genase by compounds SN 6911 and SN 7618 only 
when the concentration of Coenzyme I in the reac- 
tion mixture was extremely low (1 6 X 10“’ M), 
and a lesser effect upon this protein bv quinacnne 
and quinine Effects upon the linking flavoprotein 
were observed in the piesence of excess deh 3 dro- 
genase and a low concentration of flavopiotein, the 
action of which under the conditions was the limit- 
ing factor Here the flavoenzvme was inhibited 
appreciably b 3 quinacnne and SN 6911 and lesssig- 
mficantly by quinine and SN 7618 Onlv slight 
inhibitions w ere observed with compounds’ SN 5949 
and 1796, and with sulfanilamide The inhibitions 
appeared to icsult from reversible combinations 
with the enz 3 me, inasmuch as the data conformed 
well with the theoretical relationship presented 
above (log Kquinachine = —2 5) It was ob- 
served also that the quinacnne inhibition was 
non-competitive as regards the “substiate” for 
heart flavoenzyme, namely Coenz 3 TOe I Moreover 
the i7ihibitton could not be prevented by the addition 
of Jlavm-adenine-dinucleoiidc {FAD) This points 
to a distinction of considerable importance in 

’ Dr Chandler McC Brooks has informed us 
that he has investigated a possible effect of quin- 
aenne under certain conditions upon fat metabo- 
lism in rats, and has found no evidence of inter- 
ference b 3 ' this drug 


the effects with heart flavoen73mc, on the one 
liand, and C 3 tochromc reductase of \enst (16) and 
d-amino aeid oxidase on the other The latter arc 
dissociating flaa oen7\mes, the siiceifie protr in con 
slitiients of which wire "protected” from the 
aitioii of fiuimurme and related agents in the 
preseiue of an fxiess of tin aiipropriate flaMn 
nucleotide "I In heart en7\ me, under diverse con 
ditions explore d in this work, was non dissociable, 
cert iinh in the pll range 5 to 7, onl 3 in processes 
involving (leiiaturntioii of the complete enz 3 ine 
was the iirosthetu group removable 

\ nit no acid oridair The d-amino acid oxidase 
was given particul ir consideration (3) m these 
studies because it is a rcadil 3 available and rca- 
sonablv stable representative of the 11 iv oenrymes 
c ipable of dissoci ilion Furthermore, the observa 
lions of Wright and Sibinc (17) and of Haas (16) 
conveved suggestions that eiuin leniie in iiiomight 
be cajiable of a rather specific competition with 
flavin nueleotieles for one or more essential 
cn73me proteins The reversible processes con- 
cerned in the functioning of d-amiiio acid oxidase, 
of espee lal mterosi here, are 

F\D -f FROTLIN F VD PROTEIN 
(complete cnzvTne) 

F \D PROTEIN + SUBSTR VTE 

ENZYME SUBSTR VTE COMPOUND (2) 

With kinetic methods i number of investigators 
(IS, ]9, 3) hive found that the dissociation con- 
stant Kr at 37° foi Pi oe ess 1 , is of the order 5 X 10“’ 
mole per liter, and Ks for Proeess 2, 0 005 mole per 
liter It IS known thit the eiiz 3 me’s activit 3 ma3 
be modified b 3 the iction of ecrtain well-defined 
anionic inliibitors through reversible competition 
with the substrate (Process 2), and it is observed 
now (3) tint inhibition is effected also through 
competition with F VD for the specific protein 
(Process 1) of cjuinaciine, quinine, and a whole 
series of aromatic nitrogen compounds The action 
of quinine has appeared fo be quite reversible, t e 
dissociation constant, IvQ, being of the order 5 X 
10“^ mole per liter W’lth quinacnne there appeare 
to be also an irrev ersible stage The relative 
bining effects of amrious agents, as compared wi 
that of quimne, placed at unit 3 ’’, were evalua ej; 
semiquantitativmly ((3), Table II) ns aurainine /, 
quinacnne 2 5, novalauramine 2, a scrips o an i 
malarial and non-antimalarial quinoline com 
pounds 0 5 to 1, sulfonamides 0 04 to 0 2, an P3^i 
dine, aniline, etc , 0 04 or less The ^ 

effects diEcUssed above were independwt o e 
"sulfhydryl character” of the separated pro ein 
They w ere essentially unrelated also to the ras ic 
denaturant action of certain pheiiazt lomum 
compounds (3)’ Thestudv' of auramines wassug 
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peeled bj till-: work \o\jili\iin\miiip di«iiInM.d 
loiiip 'inlini'xl'iniil irti\it\ wliilo i\ iiunibor of ro 
litcd compound'- inrludiiip nuriiiuiic, il-solf, did 
not 

( oiirlii^nni It w i-- not iintnipitid tbit ptudioi 
with I'-olitid cn-Miic--, wbetber from jiirniitic 
rcll-i or otbi rwi'-c, would pro\ idc immcdi ilcdcfini 
ti\c chics concermnp tlu mode of action of thin 
pcutic npents It w is coii'-idcrcd, hnwncr, tli it 
intcn-uic mvc-itipntion should ilTord suppcstions 
conccrninp tin lontrol of inr\ ni itic aLti\it\ , par 
ticulirh m nlation to lutcrfircncc In \ inoiis 
cH-sse-- of rcipcnts with the met diolic ]iroccs-cs 
of ecu': Itcsults from lH\oen'\nic '-tudic-- did not 
uiiliold an Inpotlicsis of a ‘-iiecilic ant iponiiin 
between qiiinainne and 1 VD coiuji iralilc to the 
aocdlcd Milfonamidc p aiiiinobcn-o itc rcl ition 
ship TIic\ did indicate topcllicr with the few re 
suits in band from c\pcnoncc with other enr\ nies, 
that qumaenne, quinine, the sulfonamides’ ind 
certain other aroiiiitn iiitropeii coniiiounds all 
belonp to a cl ns c qiible of combination, ro\er 
sibh or irrc\ersibh , with jiroteins The ^oIIlbIIl i 
tion miphi, with certain eiuMiies, result in com 
petition for a jirnsthetic proup, such coiiiiictition 


would not iiecessanlj be rdatcii to a close striic- 
tiiral similanlj belwteii inhibitor and proslhctie 
proiqi Coiiibiiiation with an eiizjmo might not 
result 111 inhibition if the portion of the moleailc 
iffectcd IS unessential for ai Initj 
It was found in gtneral that the aromatic basic 
inhibitors hthaaed similarlv with the dilTtrcnt 
iiirMiies, an cnr\nie affected bj one was affected 
h\ all, the order of efTcclivcness being similar to 
that with d amino acid osidasc This might be 
taken is oMtlenco that there are iiuolvcd here 
Minil ir eoinbining groups in the \ irious proteins 
It IS of additional interest that the relatn e abiliti 
of qiiinaerine, th( qiiinoltiie compounds, and the 
sulfonamides to combine with serum proteins is 
nnilopoiis to the orihr gisen Quito aside, morc- 
o\cr, from the intrinsic interest in these obsena- 
tioiis for enzj me chemist ri , the use of the enr} me 
IS an instrument for the eaalualion of certain 
general jiroiierlics of proteins would appear to 
prestnt intiresting ])Ossibilitics It is anticipated 
til it some of the conclusions from kinetic studies 
will be susceptible of test bj direct equilibrium 
methods 
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THE INFLUENCE OF NAPTHOQUINONES UPON THE RESPIRATORY 
AND CARBOHYDRATE METABOLISM OF MALARIAL PARASITES’ 

WILLIAM B WENDEL= 

Department of Chcm-istiij, University of Tennessee College of Medicine, Memphis 


A large niunber of compounds containing the 
3-liydro\y-l,4-napthoquinone nucleus have been 
found by Richardson and Hewitt (1) to possess 
marked antimalanal actlvlt^ against P lophitrac 
infections in ducks Several of the more actnc 
compounds, as judged b> tests on ducks, also 
suppress P knowlesi infections in monkejs (2) 
However, the compounds of this chemical t\pc 
which have been tested for antimalanal activitj 
in humans were found to be either totally inactive 
or only slightly active (3) Thus it became of 
importance to determine whether the several 
animal hosts handle these compounds differenth 
or w'hether there is a true species specificity with 
regard to the antiplasmodial activitj of the 
napthoquinones Indeed, Brodie (4) observed that 
degradation products of SN-5090 and SN-5949 
accumulate in the blood of patients to whom these 
compounds are administered Fieser and cowork- 
ers (5) have isolated and characterized manv 
of the metabohe degradation products of the 
napthoquinones 

As one possible approach to an understanding 
of the mechanism of action of the napthoquinones , 
we have studied their in vitro effects upon P 
knowlesi and P lophurae 

In summary, it was found that manj of the 
napthoquinones depress the o\^ gen uptake of 
these Plasmodia Of 76 compounds tested in ritio, 
69 have shown relative antirespiratory activities 
which roughly parallel their relative antimalaria 
activities, as judged by suppression of P lophurae 
infections in ducks Good agreement between 
in vitro and in invo relative activities is usually 
obtained when the substituent group in position 
2 IS a normal alkyl radical, an isoalkjl radical, a 
tertiary alkyl radical, a methj 1, dimethyl or ethyl 
substituted alkjd radical, an unsaturated alkyl 


^ The work summarized in this paper w as done 
under a contract, recommended by the Committee 
on Medical Research, between the Office of Scien- 
tific Research and De\ elopment and the Univer- 
sity of Tennessee 

The author wishes to recognize the valuable 
assistance of Sydnette K Alexander, hlary K 
Milhcan and Louise Lindstrom He is indebted 
also to Dr Louis F Fieser, Dr Marlin T Leffler 
and Dr Arthur P Richardson for supplying the 
compounds which have been studied 
- Present address of author Tulane University 
School of Medicine, New Orleans, La 


radical or a cvcloalk^ 1 radical Six compounds 
which ha\c considerable antimalanal activitj in 
ducks fail to inhibit oxvgen uptake of P lophurae 
or inliibit it onlv at verv high concentrations 
The bulistitucnt groups in three of these six com- 
pounds contain a phcnvl radical The other three 
compounds are pjiidinc substitution products 
The scrum from ducks which have received com- 
pounds active both in iitro and in i no is stronglj 
inhibitorv of P lophurae respiration Serum from 
ducks which received two of the ibove mentioned 
inattiv'c compounds had no effect upon P lophurae 
respiration 

Einjiloving duck erjthrocvtcs parasitized with 
P lophurae as test material, we have made the 
following observations regarding factors which 
influence the action of napthoquinones 

1 Inhibition of respiration becomes evudent 
immediatclj after addition of an appropnate con- 
centration of an active compound 

2 The inhibition of respiration is readilj re- 
versible in the carlj stages 

3 The oxjgen uptake of the parasite-naptho- 
quinone sjstem is unusually sensitiv’e to vmna- 
tions in jiH Over a range of pH which includes 
phj Biological V alucs, unit decrease m pH produces 
approximatelj' a ten-fold increase in antirespira- 
tory actmtj of the eight compounds which have 
been tested 

4 The concentration of a given napthoquinone 
required to produce 50 per cent inhibition of oxv - 
gen uptake of the parasites depends upon the com- 
position of the suspending medium The concen- 
tration of SN-5090 required to inhibit (bj’’ 50%) 
the oxygen uptake of parasitized cells suspended 
in human serum (2 7 X 10~ ^ Molar) is 20 to 30 times 
as large as that which is required to have an equal 
effect upon cells suspended in duck serum One 
compound has been found to be equally active in 
duck and human sera Certain other compounds 
aie more than 100 times as activm m duck serum as 
they are in human serum Differences in activities 
of the napthoquinones are much smaller in Ring- 
er’s solution than in serum 

Inhibition of oxygen uptake of Plasmodia results 
principally from interference with carbohydrate 
oxidation Wliereas normally a suspension of cells 
containing P lophurae does not show aerobic 
glycolysis, lactic acid accumulates in suspensions 
containing an active napthoquinone in proportion 
to the degree of respiratory inhibition Oxidation 
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of Inctitc to ]nr«\ito is mliilntcd In cfTocfnc 
nsptlioqumoncs 

Tho rcspiraton smi csrliolndrstc inctnliolisms 
of nofnisl (luck ori los nro infiiicncetl bj 
nspthoqiiinom's in c'-'-putnlh tho psmo nnnucr na 
tlioco of pn-iaiti’ccl ccl!*' Ifowoior, more than 
100 tunes as high a ronctntrnlion of SN-5010 la 
required to inhibit the rc'-pirition of normal cells 
In 50 per cent is required to affeet tqii ilK the 
owgcn uptake of relK cont lining V Inphurac 


Ihese obser\fttion< haicled to the development 
of ft luologicftl method hj iihich tho rate and 
extent of metnbolic degradation of tho nnptlio- 
quinonc'' c in be determined Tho procedure has 
been to extract the n ipthoquinoncs from the 
phi«m i of 1 patient recen ing tlio drug and to com- 
pare the antirc-piraton nctivitj of the extracted 
iiinteriftl with that of the undegrnded drug 
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\t a meeting of tho Council of the Vmoncan 
Phxsiological Societx hold in Max, 1015 it was 
proposed that some attempt be made to assax the 
state of phjsiologx in North America There wore 
good reasons for this suggestion At no time since 
the founding of the Societx in 1SS7 had there been 
anj formal appraisal of the status or tho trends of 
phx siologj m the part of tho xx orld from w hich our 
ordinarj members arc drawn let dunng tbe last 
thirtx xears, despite the splitting off of plix Biolo- 
gical chemistrj and pharmacologx as independent 
sciences, phjsiologj has greatlx extended the 
front of Its attack on biological problems It 1ms 
learned to appreciate and to use the intellectual 
and technical tools of modern phx sics, chemistrj 
and mathematics During this same period the 
phj siological point of xaew has become dominant 
in the thinking and the doing of leaders in clinical 
medicine, pediatncs and surgerj , a dex elopraent 
which has certamlx augmented tho responsibilities 
of plij siologists The last three decades hax e also 
xntnessed an inexitable but bexvildenng and 
doubtless delelenous fragmentation of phj siologj 
into subdivisions The War further complicated 
the status of phj siologj It dixerted, disturbed 
and even distorted the actixnties of most phj Biolo- 
gists In the Umted States it xnrtuallj^ put an end 
to the recruitment and proper traimng of young 
phj siologists The War also augmented and ac- 


celerated the experimental xicld m sox oral im- 
portant sectors 01 phx siologj and it hastened tho 
dcxelopment of now and useful technical pro- 
cedures The contributions of scientists to tho 
W'ar cITort haxc caused both goxernment and 
industry to ej c science xx ith a now and provocative 
interest, phj siologists maj well ponder the signifi- 
cance of this for the future of their profession 
In xicw of these and other facts and impressions 
it seemed clear that the taking of an mventorj 
promised to lead to disclosures which xvould be of 
general mtcrost to phj siologists and might enable 
them to discharge their growing responsibilities 
xnth greater insight and effectiveness 
These were some of tbe considerations which led 
the Council in May, 1945 to appoint a fact finding 
committee to surxej the status of phjsiology in 
North iVmenca and to submit to the Society a 
report wath recommendations The Committee 
was composed of Drs E F Adolph, Chairman, 
T E Bojd, J H Comroe and Philip Dow Ar- 
rangements were made to have their report pre- 
sented to the Society at tbe Atlantic City Meeting 
of the Federation This was done The crowding of 
the large hall in which this symposium took place 
showed the wade interest the subject commanded 
Each member of the committee spoke on one 
aspect of the subject and the four presentations 
were excellently integrated The liveliness of the 
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discussion and its prolongation far into the night 
testified to the audience’s appreciation of the 
report The thanks of the Council and of the 
Society for the extent and quality of the efforts 
of the Committee are here acknowledged 
On recommendation of the Council of the \meri- 


can Plij siologic il SoritU , / crlcralwn Proccciinqs 
now iirosonts for w ider ronsidcration tiie four parts 
of the rtiiort giicti at Atlantic City on March 13, 
1910 In addition it piihlislics a jiaper by Doctor 
Adolph on tlie future of t'hysiology winch the 
Committee had iilanncd to include in its report 


SECTION I PURPOSES AND METHODS OF THE STUDY 

E F ADOEPII 
The Umvcrsily of Rochester 


The science of physiology has undergone a re- 
markable development in North America What 
are the social mainsprings of that development’ 
How does physiology compare with other sciences 
yesterday and today? What departures can be 
anticipated in the near or distant future? Is there 
more remarkable development to be promoted bj 
wise collective action? These and many related 
questions have concerned the survey committee 
in its study of the status of physiology We believe 
every adherent of physiology will find important 
information, and possible stimulation to thought, 
in the materials to be presented 

The science of physiology has its concrete em- 
bodiment chiefly in those w ho profess it Its deeds 
perhaps could be counted in publications, but its 
present and future he in the individuals who work 
in it About them facts can be collected, their 
numbers and activities can be counted From 
trends and present circumstances, certain pro- 
jections or extrapolations can be carried into the 
future 

Physiology like all sciences is the property of all 
people It was not made in America, but Americans 
are actively contributing to it Nothing would 
have pleased the committee more than to include 
in this survey information about all persons on 
the face of the earth who contribute to physiology 
That task only an international organization could 
attempt to perform It seemed preferable to do 
what we quickly could foi one continent (North 
America) which contains onlj 8 percent of the 
earth’s human inhabitants The same w ar that has 
impeded communications to the extent that many 
physiologists of other continents have not been 
heard from for 5 or 6 years, has also brought 
scientists to a present impelling need to take stock 
of themselves and their ambitions 

Physiologists would gladly merge themselves 
into the product of their labors, so that the talk 
could be about physiology instead of about phy- 
siologists We can do little to deal impersonally 
wuth that body of abstractions constituting phys- 
iology , for abstractions are hard to count, weigh. 


and measure Estimates of them and their signifi- 
cances could bo made, but wo who would make 
them arc bj definition liiasscd about tliem For, a 
physiologist IS none if he does not think his science 
will enlighten the world 

It IS the privilege and the responsibility' of phys- 
iologists to plan for the future If the members of 
the profession do not agree concerning what is 
needed for successful work, what understanding 
of life can be furnished to mankind, and what 
services can be rendered to a society that supports 
us, we would be leaving to the layman, and partic- 
ularly' to the harrassed politician, the assessment 
of \ allies in this science Success m our work 
depends today not only upon our prowess in labo- 
ratory and library , but also upon our awareness of 
our place in the social structure To be intelli- 
gently aware requires all the facts we can gather 
about ourselves in relation to the earth’s popula- 
tion which underwrites our work The facts that 
could be gathered now both from published 
sources and from the returns of a questionnaire, 
are the grist for the present study 

To understand our science in the midst of our 
culture, we need to know how physiology began 
and grew, what of its achieiements are most 
w'orthy of emulation, which are its leading con- 
cepts, and where and when its fruitings are most 
faxored To assess ourselves, we want to under- 
stand where physiologists come from, what they 
do for a living, where they live and work, what 
institutions support them, what physical equip- 
ment they' lack, which ambitions urge them, and 
how they regard the future It is obviously im- 
possible to derive complete answers to all these 
points even were all the facts in, understandings 
w ould still be partial But such is the scope of this 
inquiry, and here are the proMSional answers 
May the inquiry continue to dex elop in the mind 
of every physiologist 

What IS physiology? Everyone has his individual 
definition of physiology, and his definition of 
today IS not the same as yesterday ’s What would 
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H'illcror Hcmmont lliink if one of us told him lm« 
MC define pin siolopj ' 

\t the present time pin siolopj is Kenernlh con 
sidercd to he one of the life sciences, n siibdn ision 
of biologj It IS usimlh siid to lie the stinh of 
proco'-sos in In iur units I or histonenl rcssons it 
i!> often limited to nniinsl units nhen not quiilified 
In the ndjectnes phut, bscterinl, etc The con 
cept of nnirnnl units \nncs gresth, ind n Inrge 
sd\'sncc might be mndeif reprcsoutatnes of cieri 
Imng species could be induced to become plnsio 
legists Plnsiologi is intimsteh concerned in 
mnm spphed sciences, such ns medicine, plnr 
mnc\ , ind sgriculturc, in nddition to being n nell- 
do\ eloped branch of culture nnd intellectunl 
endeai or 

For the pricticnl purpo'-es of this report, phis 
lologj mil correspond to the i inous hbels used 
for It among institution-dh minded people Hence 
It has several definitions, nnd those nlio belong 
to It bi profession mil iiicntabh charactcrire it 
Some institutions have departments of phjsio 
logj , hence ivhnt goes on in them defines it There 
are umvTrsitics, industries, buildings, societies, 
foundations, titles of appointments, and publica 
tions that use the word each confers a meaning 
lhat must be given some recognition in a survev 

Since the survev is mostlj concerned with the 
indtv iduals who profess the science, all w ho profess 
it can bo accepted in part ns representing it But 
the same person at one time both is and is not a 
ph>siologist Thus, our \mer 1 c 3 n Phvsiologicnl 
Societj IS, quite propcriv , blessed with manv 
members who, while belonging as cnrollccs, dis- 
claim anv other affiliation with phvsiologv Thev 
maj be major contributors to the understanding 
of animal processes v ct hav e been trained in an 
other discipline, belong to some other department, 
hav e an appointment of another name, and publish 
work m journals of other titles All this is a mere 
matter of nomenclature, vet no one can untangle 
It except in a highlv arbitrarv manner, and the 
practical solution is to recognize a particular 
population of phj Biologists according to each of 
the above criteria, including the criterion of the 
indindual’s explicit choice These manv popula- 
tions overlap enormouslv, jet few individuals 
answer to all definitions of phjsiologist We do not 
speak therefore of insiders and outsiders, but of 
phv Biologists according to entenon A, phj’siolo 
gists according to criterion B, etc 

Bj the same token, the surv ej^ is not intended to 
segregate phjsiologists from others It considers 
groups of scientists who center around this flag of 
phvsiology It studies a sample of biological sci- 
entists and infers that devotees of other dis- 
ciplines are similar in most respects Instead of 
setting physiologists apart, instead of encourag- 
ing the notion that thev are the elect, the sur- 


vev innv even serve to disperse lliom umong the 
profcsional populnfion at Inrgi These sov'ornl 
8(a(omon(s mnj help to olarifj the following 
presentation of what phjsiologists arc todaj and 
wlmtthcj mav he tomorrow 

Ilttloncal dcidopmcnt in America I’lij’siologj 
like all other subjects of sludj arose in the dim un- 
recorded past Observations nnd concepts that vve 
would todiij inelude m phvsiologj were recorded 
b\ Alcmncon and Ilippocratos about 2100 jears 
ago Major researches were evetutod by Galen 
1760% ears ago The name phjsiologj was attached 
tothestudj of organisrnal processes bj JcnnFcrncl 
(16-12) This subject matter was recognized ns a 
field of instruction about 1700 bj Boerhiiavc m 
Leiden, who taught it under the title of Institutes 
of Medicine, meaning the foundations of medicine 
Tlie transition to use of the term phjsiologj came 
grndunllj during the centurj and a half following 

Phvsiologj ns now recognized came to America 
ns part of medical instruction, the first professor 
of phjsiologj having been appointed m 1768 It 
was almost nothing else but a didactic subject 
until 1S50 Isolated individuals in America re- 
ported observations nnd concepts before that 
date, outstanding ones being John Lining of South 
Carohn i (17-)3) wlio studied the daily exchange of 
matter in relation to weather, Benjamin Franklin 
of Pennsvlvnnia (1758) who enunciated clearly the 
pnnciplc of bodj cooling bj evaporation of sweat, 
John I,cigh of Virginia (1756) who cvpenmontally 
inquired into the properties of opium, and William 
Beaumont (1833) Beginning with the work of J 
B Draper (184-1) on the organization of plants, 
major contnbutions to phjsiologj appeared al 
most annuallj , those w ho pursued experimental 
researches being chicfij medical men with other 
concerns and no laboratorj facilities Their deeds 
have been told bj Billings (IS76), Meek (1928), 
Fulton (1946) and others Phjstology was first 
taught bv a full-time physiologist (J C Dalton) 
in 1854, and bj' means of laboratory instruction for 
all medical students about 1887 Attempts to 
teach phvsiology m elementarj schools, in agn- 
culture and in phjsical education developed 
meanwhile 

Investigation in phjsiologj received much im- 
petus from morphology and chemistrj , w hich w ere 
developing laboratories, and demonstrating the 
values of scientific research, within Amencan 
academic precincts 

The founding of the Amencan Physiological 
Societj in 1887 may be taken to mark the matura- 
tion of physiologj m North Amenca It was 
founded vnth the express object of furthenng the 
investigation of vital phenomena The previous 
century, m which pfaj^siology was limited to being 
a subject of instruction, had failed to develop a 
need for intimate association among its professors 
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Nevertheless, in the hands of the very teachers of 
the subject, investigation was destined to develop 
When the American Physiological Society was 
founded the population of North America was less 
than half of wdiat it is today Geographical 
pioneering was nearly ended, and wealth had 
accumulated to a point where institutions of 
learmng could be supported from both private and 
public funds Demands for better medical schools 
were made acute by the organization of state boards 
of medical examiners in the previous decade 
The history of the Society represents, therefore, 
most of the history of investigation in physiolog}'' 
in North America It was remewed at the time of 
the fiftieth anniversary (Howell, 193S) We here 
present a few aspects which can be numerically 



Fig 1 Coursejof returns of American Physiolo- 
gical Society questionnaire 

analyzed, and which lead to a better understand- 
ing of the present position and future prospects of 
American physiologists 

The queslionnaire The survey committee made 
short work of the need for defining physiology, by 
using the label of physiology much as it is under- 
stood in umversity circles Dr Dow undertook to 
make a card roster of North American physiolo- 
gists to whom questionnaires might be sent The 
list included over 3000 names, from w'hich 1950 
names were selected as a mailing list A great many 
of the persons addressed did not admit to being 
physiologists 

In the end much of our information w'as corre- 
lated with the followang categories (1) Persons 
who chose physiology as their one preferred field 
of attachment, (2) Persons who were members of 
departments labelled physiology For most items 
the information gathered was actually no different 
for outsiders than for insiders of one of these 
designations 

Returns from questionnaires are never very 
perfect Many persons believe all questionnaires 
are pests The same persons often fail to distin- 
guish among facts coUected by mail, opimons 


voted without poll-tax, and advertising in rheton 
cal questions borne non-answerers are not en- 
thusiastic about the future 

The American Chemical Society took a poll of 
professional status of 33,000 members in 1914 
(Fraser, 1914), it got 70% returns m 48 dajs Its 
addresses were up-to date and its members had 
prcMOUs experience with the Society’s question- 
naires 

W’e sent out 1500 blanks on December 14, 1945 
Later about 150 additional blanks were mailed 
The questionnaire itself is shown herewith Re- 
turns arrived in Rochester, N Y according to the 
pattern shown in figure 1 E\ciitunlly lff}3 replies 
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Fig 2 Alcmbership of American Physiological 
Society 


(54%) turned up In 38 da\s we had 50% returns 
from the first 1500, this sample is believed to be 
representative in most respects These returns 
were analyzed chieflj by the punch-card system 
and sorting machines located in the Umversity of 
Rochester’s Bureau of Educational Statistics, to 
which Bureau the Committee is deeply indebted 
Each return was entered on two cards. Part I of 
48 columns and Part II of 62 columns, with 10 
possible places or categories in each column For 
each item of information (or column) cards can 
either be sorted into categories, or the number in 
each category (row) be registered on a counter, or 
all rows can be tabulated in order 

Present trends One measure of the developments 
among physiologists is the membership of the 
American Physiological Society The number of 
members has increased along the course shown in 
figure 2 From the original 28 members the number 
has multiplied to 905 living members in 1945 In 
those 57 years a total of 1115 persons have been 
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6-6 


10 


11 


D circle bolow t''o vu»r in t'hich it wns 


--00 

01 

02 

03 

04 

05 

20 

21 

22 

23 

24 

25 

40 

41 

12 

43 

44 

45 


3, l6»r of entBrlnc profession 

(1) If /ou hold the Ph D or Sc 

BTsrded, or , , . ^ < i 

(2) If you do not hold tho Ph D. or Sc D dciroo, elrclo tho yosr in nhlch you conUlor 
yourself to hs-vo rntorod your profosslonftl cureori 

or before 

06 07 00 09 10 11 12 13 14 10 16 17 10 19 

26 27 20 29 30 31 32 33 SI 35 36 37 36 39 


es fc cl\lllen7 


1699 

19 


4 Shifts betneon physiology and relsted fields During your professional life have you 

Tior’ ed continuously ns o professional physio’ cglst? 1 

Entered ohyslology fron a related field, and 
Honalned thereafter in physiology? 

Transferred again to anothor field"’ 

Left omploymont ns a physloloeltt ‘■o enter a relate’ fleli rrd 
Hosainod in fields other than phyaiologj? 

Hoturnod to physiology? 

’’over Korked as a orofossional physiologist? 

5 Tlnrtins status and postrar onaloysont prospec’s 
a During ITorld “ar II, did you 

Remain at your preaar position? 

Enter goremnont service, part tine. 

Both? 

Become a monber of the arrr«d forces? 

Enter get urrowiit 3jr\ co, full ti'*®, as a ci“lliar? 

Change to a not; nosition rot in g'lcornnert service? 

b If you changed employnont at all during *ho rar, rhetber ,,du 
service or not, do vou consider \our p-esunt oToloyr-nt to be 
Permanent? 1 Temporary? 2 Or are you now unemplc^sd? 

e If /ou entered any 1 ind of tonoorar,, omplo,,Tent during the rar (ireludlng service in 
the armed forces, if you a*ooct to be released), i )dicato tho item bolow that best 
desorihes vour oresunt prospects of orolo mont 

Have returned to prewar position • 1 

how on leave fron percanont position 2 

Rave mode definite ar-angerents for a new position 3 

hlo dofinito prospect of enplo^rient, but expect toi 
Seek onploymant as a professional phvsiologist 
Get additional training in phvsiolog/ before seeking emplo m'nt 
Seek OTiploNmcnt in anothor ‘"ielJ 

Got additional training in another field before seeling o-iplo,-ront 


1 

2 

5 
4 

6 
6 

ottered go/orrmort 
3 


Retire 
Do not krow 


If you were to be idontifiod with onl / one field of professional work, which of tho 
following do you choose? four choice nay bo independent ol present affiliations. The 
purpose of the i^uestion is to ore/ent as far as possible, an o erestinato of the 
number of physiologists relative to tho nurbers in related fields 


Physiology 

Pharmacology 

Biochemistry 


Anatomv 

Biophvsics 

Patholofv 


? edlcino 
Surf ory 
Zoolog 1 


Other 


12 


13 

14 


Teaching 

a 


Do you teach formal classes dn 

Ph siolog/ only? 

Phvsiologv and snothor subject? 


.. 1 Other subjects only’’ '* * 

..-2 Or have you no l^oaching duties? •• 

In column I of code numbers below, circle the number representing the type of students 
to whom the major "^lortion of your teaching time in physiology is given In column 1 
indicate any other type of students to whom vou teach physiologyi 


Do not teach physiology 
Graduate students 
Ifedical 
Dental 


1 
F 
1 

2 
3 


II 

0 

1 
Z 
3 


Agricultural 

"Non-professional undergraduate 
Other (specify) 


n 

4 

6 
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40 


41 


42 

43 


44 

45 


4S 


b "Khat part of tho orcunt reported as profooslonal Incono for l'J45 wao derived froa rorl 
jou did as a profesolonal ph/aloloclct’ 

1 90 to 99fl .2 SO to 89,^ . 3 Port, but loss tb»n .. 4 

Hone S 


15 Ran’ or title. 

a Are ^ou eapiOj-ed In an institution uaine acadenic titloa? 


Yes 


1 Ho ..2 


b 


o 


Circle the oodo nuahor below indicatlnf tho rank or title you hold in 1940 and in 194B. 


1940 1945 


Po academic title O O 
Assistant 1 1 
Instructor 2 2 
Associate or resooroh associate .3 3 
Assistant professor 4 4 


1940 1945 


Aaeociato profassor 5 B 
ProfoBSor C ® 
Profooior and dopartrent head 7 7 
Dean ® ® 
Other (coecify) 5 ® 


Under each of the follorlnc years circle the code numhe- indlcatlnc whether you wore 
in a depar'-nent of physiology or in another deport“oat in that voarj 


In a doFort"ort of phvsiology 
In another departnont or field 
In none 


1940 

1 

2 

3 


1945 



14. Are there provisions in your nrosent emplojTiont for retireroat rith pay or with an 


annuity! 


Yes . 1 Ho 


. 2 


Part II 


If your answers to any of these quootions requiroo noro space than is pro"ldod, use extra aheotB 


1. llano (print or type) _ 

1-4 last Urot kiJdla 

5-6 2 Place and date of birth - 

7-0 State or province Country Htnth Year 

9 3 Present address (at vour place of esiplaynont, or your hone addreos if unemployed) 


10-11 

lJumbor and street City btate or provlnoo Country 

12 4, Position hold at nrosent Give your rank or title and name of employing Inatitution 

13 

14 — 

Title Institution 


15-16 

17-18 

19-20 

21-22 


6 In your nrosent employment, what percentage, roughly, jof your working time is given to 
each of tho following? Circle the nearest percentage figure in each lines 

Teaching 0-5- 10-15-20-25-30-40-50-60-70-60-90- 100;J 

Rooearoh 0-5-10-15-20-25-30-40-60-60-70-80-90-100 

Administration 0-5-10-16-20-25-30-40-60-60-70-80-90-100 

Other duties 0-5-10-16-20-25-30-40-50-60-70-80-90-100 


23 

24-25 


6. Teaching 

a. Tabulate below tho oourses in nhysiology in which you teach, and the number of 
instructors (yourself included) participating concurrently in each courses 

Title and general subject-matter of course Sonestor llunhor of 

hours students Instructors 


26-27 


28-29 


b If ^ou teach physiology, vhat criticism or comment do /ou offer on methods or subject- 
matter now in vogue in your particular field? Or, 
c. If you teach another subject for which phvsiology is a prerequisite (e g , pharmacology, 
olinical medicine), what criticism or comment lo you offer on the adequacy of tho 
students' preparation in physiologv? 
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7 Ar* of Nour usioclAtflt mlcHt properly bo clAiood as profotblonsl physiol- 

Cl Is Sf but who aro not littod In Xiiorlcan Won of Solonco or rv*nh#r« of tha Aaarlcon 
r'Mlcloijlcal Secl 9 t>t If so, klndlx vrrlto t**dir nawo and adlrossos bolowf 


0 Tho ccr-*ittoo an-* tho Council vlll wolcono axprosslona of O'jlnlon on any nattora doallnc 
rlth the a Irarco^^or* of ph\«iolec> Kavo you an> ideas to present on Irprorarant of 
pcbllca*'lon focllitloi, on neetinta cn ecployzint lerrices, on new fields of eoploynont 
that nlch*’ be opened to phyalolorVata, on tho obi (Rations of phyaloloclcto to aoclety, 
or on an> other partlrent topic not spoolflcall) coTered In oir questlonat 


® Dudcot 

a Indicate belotf tho airual ''cabined nrounta o'* nil '*un'a *hit aupnop*-ed work In 

ph^sloloCN for which you ^nJro a Irlnictratl/olj ro-ponalble In 19 and In If 45 If 
jcu" unit Includes noro than ph^slolo->, report onl^ that portion of your funds thit 
m bo credl*^e4 to ohislolOorf nlc'*o ''r\ ••o i-rrancj t tho furJs llstol bj you will 
not be lncluf*ed In reports -ado by or> o'* ^cur collooi^uos rollo'»‘ng each year ore 
lines of nurtbers ronreaentlns cultlplca of CIOO^'Q, 'lOdO, and '100 Circle ono nurber 
In each line so that /our budget Is Indicated to ho noaro- huriroJ 

30-33 1^40 010315G'*69 x 310000 1945 0123.56739 r 310000 

01234SG'’8‘=‘ X 310C0 O\23s56709 x C'OOO 

34-37 0123456769 x 3100 012346o789 x 3100 


If >our funds excoe-ed write the ft**3unt-* Ij40 1J*»5 

b O'* *he totals reported In a rha* pereentaf^e ap'5roTliMi*-ely ras le/oted to (a) salaries 
paid *■0 personnel! end salaries excluded* to (bj teochlnr end (c) roooarch? Circle 
*he appropriate pa-c •tafo runbor la each lire baloirt 


3‘>-39 

Salaries, I'^iO 

40-41 

1945 

42-43 

Tesehlnc* 1943 

i4-4S 

1945 

46-47 

Research I'^iO 

4B-49 

1^45 

53-51 

0 her 1943 

52-53 

uses 1945 


0-$.10-15-20-£5-30-40-50-SO-70-eO-^f>-lOr, 
O-*'0l0-lS-0O-£5.30-4'‘-SO-C0-70.&0-00-lO0 
0-5-10-16-20-C5.30-40-50-CO-70-60-9C-100 ' 

0-5-10-15- 03-25-30- •,0-C0-60-70-60-90.100 
0- 5-10-15-20-25- 30-40-50-C0.70-50-90-1CO 
0-5-10-15-20-25-30-40-50-60-70-60-90-100 
0-5-10-15-20-25-30-40-50-00-70-60. jO-100 
0-5-10-16-20-25-30-40-50-00-70-60-90-100 


c Of tho to als repor*ed in 9 a, w^at percentage for each vea- rta-, aide up of -hor*’-tem 
grantsT (The roxaln’e- rill bo prasu-ned to be co-tlnuousl ovnilahlo fron ^ear to ear) 
Circle the nurier rerrosontlng ••'he r^orcs* per con*-: 

54- 55 Short-torn grarts , 1940 0-5-10«15-20-25-30-40-Cb.tO-'’0-CO-30-103 of to*-al reported 

55- 57 1^45 0-5-10-15-20-25-30-40-60-60-70-00-00-130 


10 Perscr^el 


£3 

£S 

60 


Cl-62 

63-64 

65-6C 

67 


68 


a new rsany salaried porsens o*-'’or than tochnlclors do -rorV In physlologi under your 
dlroc*'lon at pro-ont (1^45)7 Circle ths apnroprlato cunhor In each line bolow 
Turbar engaged in full-tire research 012345678’3 10 r^re 

" « H ••eachlrg and roeearch 0123-.56780 10 noro 

" *» w tc_ch'r- cnly 0123456789 10 noro 

b hew rarj ctuder^s, excluding those who cal/ atto-d lorcal courses, rcr TOrk in your 
unit? 

Uinors Total 

c Are /our *-ec>nlcal '■elpors adequate In nuroor and quality? Yes 1 ho 2 

e 

d If not io tho doflclcncj duo to Icck of nvallahla trained noroonnol, or to lack of 
nonoj with >hlch to pay tec^'niciana? 

Lad of a%-allable trained poraonnsl 1 LaciC o'* both 3 

Lack of — noj 2 Q•■^or Jlffioult/ lopocirv) 4 

0 Uhat CO"— nto do you offer on tho quality and runhor of adranood otiidonts and 
research wer^ers a •ailable? 
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elected to its rolls It is a young Society, since less 
than one-fifth of its elected members luve yet died 
or resigned 

The membership has ahvays included many 
persons who had affiliations nith other sciences 
than physiology Of the original 28 members, 43 
per cent had titles in physiology During the past 
30 years the proportion of those having such 
titles, as recorded in the Yearbook list of mem- 
bers, has been constant at 37 to 38 per cent of the 
membership 

Another index to the development of phjsiology 
in recent years is furnished by the annual lists 
(Trotier et al ) of doctorates granted m physiol- 
ogy The listing of such degrees largely depends 
upon the recogmtion by the educational institu- 
tion of physiology as a department or as a field of 
study Actually only half of those professional 
physiologists who hold doctorates other than M D 
obtained them in the field of physiology, as indi- 
cated both by the returns of the questionnaire and 
by checking the names of those to whom question- 
naires were sent against the names listed under the 
doctorates in physiology 
In the years 1912 to 1945, the lists show 1274 
doctorates in physiology in the Umted States and 
Canada Their number increased with each pentad 
until 1941 In the years 1937 to 1941 the number per 
year was 75 Dunng war II the number diminished 
steadily to only 25 in 1945, this diminution con- 
stitutes one measure of the present and future 
deficit of physiologists 

Dunng the decade 1935 to 1944, doctorates in 
physiology constituted 2 5 per cent of all doctor- 
ates other than M D Degrees in the sciences 
furnished about half of all doctorates, and those in 
the biological sciences about half of the doctorates 
in all sciences Therefore degrees in physiology are 
10 per cent of the doctorates in the biological sci- 
ences It seems evident that physiology is receiv- 
ing a creditable share of academic recognition 
While the criteria according to which a partic- 
ular doctorate is classified inside or outside of 
physiology are unsatisfactory, the total count of 
doctorates in this subject appears to be a useful 
number The total number of professional physi- 
ologists who either belong to departments of 
physiology or now style themselves as physiolo- 
gists IS apparently less than the 1274 persons who 
have started from tins field in the last 35 years 
Therefore it is safe to conclude that physiology as 
recogmzed in the granting of degrees contributes 
more persons a ith doctorates to other fields than 
it receives from them 

It IS now possible to visualize the composition 
of the present population of physiologists From 
it a partial estimate of the future population can 
be gained In Figure 3 are represented the num- 
bers of persons who entered physiology and related 


sciences in each 5} ear period, from among 900 
individuals who returned questionnaires It may 
be assumed that those who belong outside physi- 
ologi' about equal insiders v ho did not answer the 
questionnaire Thirtj years earlier those same 900 
were born Thirtv five years later they wnll retire, 
since oiilj a small percentage v ill die before the 
age of C5 jears Elections to membership in the 
American Phjsiologieal Society, based upon about 
the same number of persons, follow the same 
pattern through (he years 
Conclusions to be noted are that a great ac- 
celeration in rate of entrants into physiology 
occurred after war I, and that acceleration ceased 
about ten years ago Rate probably declined in 
the past five j ears, even though a small correction 
be made for the entrants not jet listed, from the 



Fig 3 Rates of change m numbers of physiolo- 
gists in North America Births include 900 who 
answered the questionnaire, with suggested cor- 
rection in later years for those not yet recognized 
as physiologists Elections refer to membership in 
the American Phj'siological Society Entrances 
represent answers to question 3 of the question- 
naire Retirements are placed 65 years after births 
The early depression in each curve relates to 
war I 

known small lag in rostering those who enter the 
sciences 

A large block of phj Biologists are now 40 to 50 
years of age For the first time in history there are 
4 or 5 individuals of this age group alone for each 
department of physiologj' 

If the population of physiologists becomes 
static, then less than the accession of 40 persons 
per year will be possible, for new places will be 
available only as deaths and retirements make 
room The present median age of 40 years will 
gradually increase up to 46 years, half way be- 
tween the age of entrance (28 years) and the age of 
retirement (65 years) 

If, however, the population of physiologists 
continues to increase, then perhaps eventually as 
many as 100 individuals per year wall be recruited 
into physiology, and a population of even 4000 
physiologists may be realized within 50 j'cars 
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The effect of w nr II upon tlie mini hers of jilns 
lologialfi Mill bo cstini itcd diffcrcnth neconiiiig to 
cnch calinintc of future population trend It seems 
certain that the number of entrants has fallen 
off during the pentad Iff f 1—15 Alrenih about 1^0 
fener doctorates in plijMolopj lm\c been gi\en 
than in Ifflff-IO If, as the Hush report (Iff 16) in 
dicates, the effect of war II mil continue for 
ten more jears, the deficit of entrants to pb\s 
lologj nin% reach as high as COO indtaiduals 
This figure is arnxed at In noting that plnsiolo- 
gistfi reccne 5 per cent of all doctorates in the 
sciences, and accepting the Bush estimate of the 


probable deficit of personnel about to be reabred 
in all the sciences 

SuMMAin The status of physiology in North 
\inerica is studied by use of data about individual 
phjsiologists The present position represents a 
point m a historical continuum of teaching and 
researrh The questionnaire of tho Amcncan 
Phj biological Socictj IS dcscrilied From it and 
other sources the age distribution of present pro- 
fessional pliysiologists IS obtained Information 
regarding numbers of working physiologists, their 
training, their economic Mclfarc, and their careers 
and incenti%es, are given in subsequent sections 
of this report 
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SECTION II THE IDENTIFICATION AND ANALYSIS OF THE NORTH 
AMERICAN POPULATION OF PHYSIOLOGISTS 

PHILIP DOW 

Vnncrsily of Georgia School of Medicine 


General considcralwns The most outstanding 
attribute of the "population of physiologists” is 
its unmistakable heterogeneity This is so marked 
that the two operations indicated in the above 
title are very closelv interdependent The com 
plexities of this situation color the conclusions 
and statistics presented, and demand therefore a 
discussion of its background and implications 
Those who regard physiology as a branch of 
biology naturally seek among biologists for stu- 
dents of the functions of Imng material, and may 
only grudgingly admit the "applied physiolo- 
gists” who limit their interests to human physio- 
logy and its importance in medicine On the other 
band, those who hold physiology to be one of the 
"medical sciences” seem to regret that their 
cousins across the tracks have a right to the same 


name, and they w ould encourage such distinctions 
as “physiological zoologist” and “plant physiolo- 
gist” It should come as no surpnse that the child 
of such jealous parents, grownng healthy append- 
ages only to lose them by fission, turns out to be 
an analytical problem 

As a starting point, the individual scientist 
might bo expected to know, or at least to decide, 
what professional tag he should wear But tax- 
onomy on the basis of classes which are not mutu- 
ally exclusive necessitates decisions which are 
either arbitrary or capricious, either leads to 
confusion The processes, phenomena, and 
functions which are said to be the provnnee 
of physiology are abstractions which can- 
not wath any meaning be divorced from the 
living matenal in which they occur, some- 
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times not even fiom the kind of tool used to 
elucidate them Thus there arc independent paral- 
lel classifications of workers according to training, 
according to organism or organ studied, and ac- 
cording to purpose or viewpoint Consequently 
the tavonom} of physiological scientists is in 
general not an “either or” problem, most of them 
have equal rights to at least two or three profes- 
sional labels — occasionally even a fourth if they 
earn their Ining bj^ teaching courses with titles 
not directlj reflecting their research interests 
(As will appear later, the situation even affords 
many the ^ ariety of an occasional change ) 

This freedom becomes significant in the unmis- 
takable tendency of workers in the physiological 
sciences to choose labels which emphasize their 
mutual differences rather than their similarities 
and the identity of their goals The labels of re- 
lated and component fields confess communitj of 
interest either not at all or by a more ad]ecti\c 
as in cardiologj'', neurologv, endocnnologa , nutri- 
tion, ph 5 ’’siological chemistry, physiological psj- 
chologj , physiological zoologj' (neiirophjsiologj 
being an admirable exception) 

This IS in sharp contrast to the chemical pro- 
fession, w'here there is constant emphasis on unit} 
by such means as the labels biochemist, petroleum 
chemist, physical chemist, textile chemist, rubber 
chenust, analytical chemist, and so on (the one 
important exception is kept carefully tethered in 
the joint professional title “chemistr} and chemi- 
cal engineering”) They all belong to the same 
society, 33,000 of them, they attend large or small 
meetings under the auspices of that one society, 
and they are further held together by their ex- 
cellent and comprehensive journals, particularly 
“Chemical Abstracts” The interests of the bio- 
chemist may actually be closer to those of the 
endocrinologist than to those of the petroleum 
chemist, but in name and professional loyalty the 
tendency is in the opposite direction 
This situation reflects both strong and weak 
aspects of physiolog}’’ as a science and as a pro- 
fession Without question, a large share of the 
vigor of ph} Biological research and the accelera- 
tion of its progress have been due 1) to its success 
in recruiting and inspiring the possessors of all 
manner of specialized tools, skills, and techniques 
(eg, surgical, physical, chemical, electrical), 2) 
to the intensive forays of determined small bands 
in restneted fields, and 3) to the constant goad of 
a demand for the solution of particular problems 
for progress in the healing arts 
If the \alued representatives of these three 
influences prefer not to become nominally amal- 
gamated (even in some cases to secede), acqui- 
escence may seen an unimportant concession , but 
the formation and maintenance of the most useful 
groups and programs for optimal scientific inter- 


change and mutual inspiration — goals of true pro 
fcssional unit} — are thereby rendered much more 
difficult and uncertain The present attempt to 
identify tlic population of pli} Biologists in a useful 
wa} IS a case in point The presence of both 
ph}siological and non-ph}siological workers in all 
the nominalh dissident groups poses problems to 
which the available long distance methods could 
scarcelv give eomjilctcl} satisfactorj answers We 
believe that the inclusion of the one fraction is just 
ns essential to the picture as is the exclusion of 
the other, and that the corresponding statistical 
limitations should be const antlv and stringently 
obscrv ed 

Eialuation nf source malcnaU Since the com- 
mittee knew of noporsonnclsurvoyswhicliliadbeen 
conducted with prccisclv the present goal, it 
settled on the sources of information that seemed 
to ofTer promise of the most matennl in usable 
form The abnormal freqiicnc} of professional and 
geographical dislocations has accelerated the 
obsolescence of data published even since 1943, 
but while a bettor job could be done in normal 
times onl} a few important aspects of a rough out- 
line seem seriouslv distorted b} this shortcoming 

a The SCI cnlh edtUon of the "Biographical Direc- 
tonj of American Men of Science” was published 
with a preface dated Februar} , 1944 Compilation 
and publication had taken time this reporter’s 
information was requested in April, 1942, but some 
entries carrv changes dated as late as 1943 The 
list is not a census solicitation of names and data 
IS thorough but both are voluntarily supplied 
The emphasis is admittcdl} on investigative 
science, which practicallv limits the original selec- 
tion to doctors (whatever tliev may do later) Such 
a limitation is thus impressed on any roster based 
on this list 

The cov'erage of biological scientists and medical 
research workers seems good, though naturally 
less complete at the lower age levels For example, 
entries were found for 90% of the members of the 
American Physiological Societv, for 77% of the 
doctors in the ph} siology divnsion of the National 
Roster, and for 67 % of the list of doctorates m 
physiology to be described, a third of the remain- 
der being of 1940 or later 

Fortunately the editing is excellent, as all users 
of the book know, and within the limitations of 
space and the cooperation of those listed there is a 
v'^ery satisfying wealth of well-chosen material 
For the present study, the chief item whose ab- 
sence was keenlv felt was the field or department 
of the doctorate Considerations of the apportion- 
ing of available time have precluded the codifying 
and analyzing of more than a small portion of the 
information furnished by “American Men of 
Science” 

b The national rosier of scientific and specialized 



rEDEIUTION PROCEEDING'? 


41 & 


Tvrwimd ofTcretl ali'stmpof phjBiolopstsilcstgiicd 
to furnish, espccialh for uar purposes, informa- 
tion on training ind skills, alroadj tabulated and 
coded for niachino annljsis Littlo biographical 
material had been collected, honcicr, and certain 
other definite limitations were inherent in its 
purpose and methods 

For the present studi its coacrage suffers from 
the deliberate exclusion of the medical profession, 
onlj two of the 100 doctorates counted are classi- 
fied in mcdicmc Viiotlier exclusion results from 
the seeding of the phx siologists and biochemists 
in different major dixisions, nameh “biological 
and agricultural sciences” and "chenustry ” 
There is little proxision for the chemical phxsiolo- 
gist in the former group exccjit in a small sub 
subgroup uith the catch all designation, “digcs 
tion, metabolism, and excretion” 

Coxerage bj the National Roster is further 
limited bx the part of its purpose directed toxxard 
draft defcrmenl of essential scientists, doubtless 
those so affected liaxe felt more stimulated to 
cooperate in keeping their files up to date Hovx- 
exer, xilule its horizontal spread is thus narrowed, 
its xcrtical depth is greater than that of "Ameri- 
can Men of Science”, xvith oxer 200 names of non- 
doctors An additional admirable feature is its 
continuing attempt to attract nexx registrants in 
the lower educational brackets and to keep abreast 
of changes b> periodic re checks 
The published totals of the National Roster put 
857 in tho phjsiolog) classification, (December 
1944), the material sent to the committee actually 
listed S2S names (December 1945) Of these, 214 
were set off separately because onlj preliminary 
data had been furmshed, subsequent question- 
naires not being returned The machine tabula- 
tions used by the committee are based on only the 
614 xnth complete data A further limitation lies 
in the lack of addresses the necessary ones xvere 
furmshed, but too late for inclusion in our onginal 
mailings The preliminary , non mechamcal, analy - 
tical studies are based on the 549 from the S2S for 
whom addresses and titles were found, either in 
"Amencan Men of Science” or in the Federation 
Directory Thus the three different samples used 
max bear slightly different kinds of bias, but the 
extent of this is not knoxvn 
c ‘inryual listing of “Doctoral Dissertations 
■icccptcd bij American Unuersitics" offered tho 
best knoxvn chance to mx estigate the rate of pro- 
duction of physiologists From this series all the 
degrees granted in phx siology from 1920 through 
1945 were compiled, and the present wnter cor- 
related the results xnth those from the other 
sources Here again, however, purposes and defini- 
tions different from those of the present study 
imposed most stnngent limitations on the signifi- 
cance of the counts 


The duct sourco of confusion lies m the variety 
of meanings of tho "dootorato in physiology” at 
different universities Some give tho degree only 
for work done m a medical school department of 
phx Biology, while others rccogniro physiological 
research done in a department of biology, a de- 
partment of botany, or a school of agriculture 
In some graduate schools several departments arc 
combined as “Physiological Sciences” and their 
biochemists and pharmacologists all appear among 
the physiologists ^Vs was pointed out in the pre- 
ceding section, such inclusive classifications have 
a real significance, but comparisons with tho 
narrowly defined group necessarily treated in the 
present study are hazardous 
d Replies to the committee's questionnaire are 
superior to all other sources in two respects they 
furnish answers to specific questions asked for the 
purpose of this study , and tlie data arc recent 
Howexer, some limitations must be kept in mind 
too 

The total number of replies is gratifying, but 
the groups in some classifications are too small to 
be regarded ns significant As an extreme case, 
one reply from Nexada puts that state high 
in the ranking of per capita endowment with 
phxsiologists 

Tho indixadual limitations of the material used 
to compile tho mailing list, so far as they do not 
complctelx offset each other, are mcxntably im- 
pressed on this sourco as well 
Tho statistics describe a population already 
selected according to the arbitrary entena listed 
in the introduction to this report Also, the degree 
and character of the selection represented by 
willingness to answer the questionnaire are un- 
known but perhaps not negligible factors 
Unax'Oidable compromises between the open and 
confidential parts of the questionnaire, a few 
unforscen complications, and occasional misunder- 
standings of questions have detracted from the 
xalucof some of the statistics 
c A few miscellaneous sources have contnbuted 
small items to the study The additional names 
suggested on replies to the questionnaire may or 
may not represent the kind of “physiologist” 
defined for this study , but they were circulanzed 
too late to cause anx distortion of the counts avail- 
able for report 

An attempt to analyze the physiology depart- 
ments of medical schools gave only very rough 
figures because of the variable designations of 
positions, the combinations of departments xnth 
pharmacology, biochemistry, nutntion, and hy- 
giene, different treatments of wartime vacancies, 
and the xndely varying age and completeness of 
the available bulletins and catalogs 
Population figures are those of the 1940 D S 
census Data on medical schools and medical 
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students arc from the annual survey (1015) bj the 
Council on Medical Education of the Americin 
Medical Association 

Anah/lical studies and results a SLlf-elassifica- 
iion After acceptance of the nicinbcroliip of the 
American Phjsiological Society e\ olTicio, the 
first criterion for identifying i dcrmable poiiiila- 
tion of phy siologists was self c 1 issificalion The 
form in which this question is put to i worher is 
clearly one determinant of tlic answer received 
The italics immediately following the name in an 
“American Men of Science” entry ire obviously 
intended as a coarse screening into bro id scicntilic 
groups However, the blank on which the dat i are 
submitted actually asks at this point for “subject 
of investigation — e g , phy'sical chemistry'”, ind 
a scientist can hardly be blamed for a desire to 
identify' himself with as specific a field as he 
believes he fits He is presented with an unlimited 
choice and the tendency toward differentiation 
would seem to be encouraged In the breikdown 
of such classifications, some arbitrary' decisions 
were necessary Confronted by' workers who 
identify themselves with “liemody'namics”, 
“metabolism”, “genetics”, “endocrinology”, 
“nutrition”, “physiological chemistry”, the ana- 
lyst must choose betw'een a mulish adherence to 
the fetish of the work physiology and a personal 
opinion which he hoped to submerge as deep as 
possible in complete objectivity 

The National Roster check list asked for identi- 
fication with a “principal professional field” It 
offered some 26 choices in the biological and agri- 
cultural sciences, including (besides physiology) 
pharmacology and experimental therapeutics, 
bacteriology and immunology, anatomy, path- 
ology, plant physiology, biology, zoology, genet- 
ics, and nutrition — but not including medicine or 
physiological chemistry The list received by the 
committee consisted of all w'ho had first chosen 
“physiology” 

The committee’s questionnaire asked for identi- 
fication wnth a single “field of professional work” 
regardless of present affiliations, offering the fol- 
lowing choices physiology, pharmacology, bio- 
chemistry, anatomy, biophysics, pathology, med- 
icine, surgery, zoology, other 

Individual inspection of the 34,000 entries in 
“American Men of Science” yielded 900 self- 
styled “physiologists” 500 members of the Ameri- 
can Physiological Society and 400 non-members 

All 828 National Roster names represented self- 
styled physiologists, but only 550 of them were 
found in “American Men of Science” and could 
be used for comparisons and for the first mailings 
Of these, 390 had been consistent in their designa- 
tions, being listed in physiology in both sources, 
160 had given different answers to the two ques- 
tions, while the Roster had failed to register by 


first choices 350 of the «elf styled (iliy Biologists 
present in the book 

Tlie combination of these two sources gave a 
total of 1,060 seientists who at one recent tune or 
another had classified themselves in the field of 
jihvsiologv Tins group thus rciircscnted 70% of 
our mailing list of 1,500 One of the few gross dis 
ircpviKies between the (picstioiinaire statistics 
and the iirelimin irv analvsis showed up when only 
52% of the rejilies gave their ehoiee is “physi 
ologv ” If this IS a sampling error it represents a 
very extreme selection in a dircetion opposite to 
wh it was thought likely The .illcrnatc conclusion 
13 that one third of those who, tv.o to three years 
ago, tonsielered themselves physiologists have 
either shifteel to another field or changed their 
minds about where ihev should be counted Either 
of these situations might be of interest The sepa 
ration of the coiifidcntinl fraction of the question 
nairc precluded comparisons which would decide 
between them 

b Declared researches The “subjects of re- 
search” listed at the end of each entry in “Ameri- 
can Men of Science” permitted an estimate of the 
number of scientists who might reasonably be 
classed as pin siologists recording to a broader 
definition than that used for the core of this studv 
In addition to the primary roster of physiologists 
for the mailing list, a second file has been con- 
structed to include workers in component fields 
not formalh termed physiology, as well as genu- 
inely jihv siological workers in related fields This 
classification would follow quite closely the cri- 
teria for election to the American Physiological 
Society', exccjit for lack of information on the 
quality' of the research or on the continuitv of 
interest in the field The aim of our selection has 
been to distinguish, for example, between the 
phy'siologist and the chemist m biochemistry, 
between the practising phvsician and the research 
workers who both label themselv'es endocrinolo- 
gists, between the organic chemist and the physi- 
ologist in pharmacology, between the surgeon an 
the phy'siologist in neurology, between the elec- 
tronics techmcian and the phy'siologist in bio- 
physics, between the clinician and the student o 
growth, development, and metabolism in pedia- 
trics, between the general biologist and the 
phy'siologist in genetics, between the scientific 
farmer and the endocrine physiologist m dairy' and 
poultry husbandry', between the dietician and the 
physiologist in nutrition, between the psycho- 
metrist and the sensory' phy'siologist m 
psychology 

This file 13 probably not complete, as the neces- 
sary judgments were more time-consuming than 
those for the primary group (Inclusion often had 
to be based on a quick personal reaction to the 
researches listed ) Nor has time yet permitted 
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tlic annUuis of tl>c population rcprosontcd There 
arc npprovimatch 1,400 cards m the file (almost ns 
manj as the original mailing list) and the nbo\c 
examples arc taken from a cursorj inspection of 
the categories represented Manj of the workers 
listed would admit to being plnsiologists if asked 
m the right w ax (some of themhaxe actualK done 
so) and manx more either liaxc been or well might 
be deemed (rue phxsiologisla bj their colleagues 
(witness mnnx of the names suggested on returned 
questionnaires) There is probablj some dead- 
xxood hero too, but the xxnter bcliexcs that a 
knowledge of the npiiroximite sue of this group 
max be useful as a corollarx to the more iiitcnsixe 
studx of the narrower group 
Fmallx , there is at hand an unsorled pile of 
about 700 to SOO entries Its formation x\ as dictated 
prinianlx bx a profound disinclination to haxeanj 
late change of criteria require another screening 
of '‘Vmcncau Men of Science” Vuothcr reason 
xxas the recognition of unaxoidablc changes of 
policx or mood from dax to dnx in making the 
onpnal selections Plant phx Biologists comprise 
the onlx consistent group in this pile, the rest arc 
mostlj borderline cases, and shifts hack and forth 
between them and the sccondarj file max doxelop 
if further analxsis seems worthwhile 
The inclusion of the plant phx siologists in this 
last group should not be taken to mean that the 
writer regards them as anx the less phx siologists 
There is, howexer, a rather w idesprcad feeling that 
their interests arc more closelx related to other 
botanical studies than to other phx siological 
studies (although the tcrminologj of the L 
Cixal Serxacc and the classifications of the Xa 
tional Roster implx a dissenting opinion) 
c Employtnent as physiologists The ‘‘American 
Men of Science” entries disclosed CIO scientists 
xvho held titles in phxsiologx This number in 
eludes sex cral whose cmploxment was interrupted 
bx mihtarj serx ice, and a fexv w ho had graduated 
to “emeritus” or ndrainistratix c lexcls On the 
other hand the data do not permit a distinction 
according to academic department an instructor 
in physiologj m a college biologj department falls 
in this group, but not nccessanix' a professor of 
biophj sics or optics in a department of phx siologx 
Onlj 65 of this group did not classifx themselves 
as phx Biologists in either “Amencnn Men of Sti 
ence” or the National Roster or both It should be 
noted in this connection that almost this same 
number (55) of the members of phj siolog} depart- 
ments represented in the replies to the question 
naire called themsclx es non physiologists 
The percentages of titles m phjsiologj and of 
members of phjsiologj departments (36% and 
38% respectively of replies) did not differ sig- 
nificantly from the 41% represented bj the 616 in 
the total mailing hst 


d Distribmwn of physiologists The geographical 
and institutional distribution of phj Biologists 
cannot fail to reflect m some measure the criteria 
accepted for their definition The mam outlines of 
the picture, howexer, arc probahlj given by the 
questionnaire replies without unfair distortion 
It IS not surprising to find tw o thirds of tho physi- 
ologists xxorking III universities, the rest arc about 
cxcnlj scattered among fixe kinds of cmplojment 
other teaching institutions, research institutes, 
commercial laboratories, government scrvnccs, 
and hospitals 

Such specialized educational and research serv- 
ices are not equally apportioned to tho general 
population, and pliysiologists follow an extension 
of the same rule Fixe of the most populous states 
(New \ork, Pennsxlxama, Illinois, California, 
Massachusetts) liaxe about a third of the national 
population and a third of tlic country 's medical 
schools The schools, however, arc among the 
largest and hax c 42% of all the medical students 
Their phxsiologj departments in turn are dis- 
proportionalelx larger, employ ing about half the 
country’s medical school physiologists Un- 
doubtcdlx this is an important factor in the re 
coipt of 45 5% of the questionnaire replies from 
these fixe states Vt the other end of the scale, 
three of the fixe stales which sent no replies 
(Maine, Idaho, New Mexico) have no medical 
schools 

c Statistics relating to age, Iratnutg, and achicie- 
mcnl, and grouth of the profession A satisfactory 
analxsis of the available figures would require 
more actuarial experience than the present writer 
can claim Overall population and economic 
trends, the-increase in higher education generally, 
expansion of medical teaching and elevation of its 
standards the interplax of applicable theoretical 
and technical advances in physics and chemistry, 
increasing financial support for both pure and 
applied research from public, philanthropic, and 
industrial sources all these must have plaxed 
significant roles, and the questionnaire data are 
scareelx numerous or varied enough to justifx 
numerical distinctions among the factors at work 

The replies to the questionnaire came from 
phx siologists whose median birth xear was 1905, 
with nearlx 60% of them between 1900 and 1915 
82% of them were born in the United States, three 
quarters of these in the northeastern and mid 
western states 

Thox earned Ph D degrees or otherxx ise con- 
sidered thomselxes to have entered the profession 
about tho median xear 1932, wath roughly 60% 
between 1928 and 1942 The annual entrances 
climbed slowly until the late 1920’s, increased 
suddenly to a rate that was steady except for a 
spurt in 1939, w hich w as follow ed in 1942 by a x erj 
sharp decline 
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About 77% of this group took a Ph D (or Sc D ) 
degree, 36% an M D , with 19% holding both, and 
approMinately 67% of the Ph D degrees ucre 
taken in physiology Roughly 60% of their Ph D 
degrees probably came from ten universities 

They had, on the average, from one to tv o years 
of post-doctoral training of some kind Those who 
have academic titles scatter about a median at 
about the associate professor level The median 
age of election for present members of the Ameri- 
can Physiological Society is 32 years 

The replies received indicate that the Society is 
fairly representative of the group studied the 
proportionality between members and non-mem- 
bers showed only insignificant variations through 
most of the comparisons, except for a slightly 
higher fraction of non-physiological teaching and 
extra-umversity aSiliations among the non- 
members 

Conclusions As indicated earlier, identification 
of the individuals comprising the group of North 
American physiologists is handicapped by dis- 
persive practices in terminology Emphasis, in 
self-classification, upon the animal, the organ, the 
tissue, or the function studied, upon tools or train- 
ing, and upon the formal names of departments 
and courses, makes quite arbitrary the characteri- 
zation of some fields as components of physiologj', 
others as related to physiology It is true that tw o 
lists have been compiled a primary file of some 
2,000, identified principally through their pro- 
fessed adherence to the name of physiology id 
some connection (though only about 250 meet 
simultaneously all the criteria) , and a secondary 
file of some 1,400 who seem from records of their 
research to deserve a place in the profession But 


such distinctions are most arlificial, with bound- 
ary diffiiBcncss differing only in degree 

This argument inaj strike many as trivial 
and far from startling, but it is a salient aspect of 
“the status of physiologj” winch (his committee 
was asked to survey It is also fundamental to the 
choice of policies designed "to promote the ad- 
vance of plijsiologj " For the interests of "teach- 
ers of ph>siolog>” might best be served b> one 
policy, those of "medical phj Biologists’’ and 
"physiological biologists’’ possibly bj quite an- 
tagonistic policies Interests common to the group 
of self confessed phj siologists (manj onl> for 
want of the more specific tags used by others) arc 
more difficult to identifj And separatist tenden- 
cies hav'C left the broad field of biological function 
wath very little cfcarlv focused evidence of its 
community of scientific interest 

The statistics quoted above suggest that this 
last-mentioned trend is a progressive one, and it is 
a source of regret to manj Much of it has passed 
the reversible stage, but phjsiologj as a science 
and as a profession could profit from efforts to 
reawaken a recognition of the mutual interde- 
pendence of manifold branches of endeavor Re- 
tention of umtv m name is suggested as one 
promising kind of binder To this end, labels for 
courses, departments, titles, societies, and fields 
of study, which emphasize their essential nature as 
parts of physiologj’, arc stronglj advocated 

It is a pleasure to acknowledge the indebtedness 
of the writer and the committee to AIiss M K. 
Reiser, wathout w hose painstaking and resourceful 
assistance the compilation of the rosters described 
would have been a well-nigh insurmountable task 
in the available time 


SECTION III ECONOMICS 
T. E BOYD 
Loyola University 


The questionnaires returned give data on the 
economic situation, in 1940 and again in 1945, of 
the group addressed The first of these years was a 
time of peace for the majority of North Americans 
The second brought the end of the war and the 
beginning of postwar readjustment Presumably 
there was, during the interval between, an ab- 
normal number of shifts in employment The w ar 
no doubt also influenced the rate of pay and of 
promotion of those w ho did not change employers 
It must have affected in some degree the age dis- 
tribution of the group But we have no data, 
covering a comparable period of peacetime, for 


comparison Incomes received by the group in 1940 
will be compared wuth those received in 1945, but 
such comparisons are hardly valid unless due cor- 
rection IS made for the reduced purchasing value 
of the currency unit in the latter year To compare 
incomes of 1945 w ith those of 1940 requires the use 
of a correcting factor which does not appear to 
have been authoritatively fixed It must therefore 
be supplied by each reader for himself 
The group to which the questionnaire was ad- 
dressed IS, from the economic point of view, a 
heterogeneous one Its members were not selected 
solely for the purpose of an economic study They 
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Iii\ c -v commnu intcrcbt m ph> sioloty. , but ncxrU 
Inlf of them prefer to bo idonlifioil profossionilh 
with some other liiologienl science Some of them 
nrc supported entirciv bj silnrics uhicli thej re 
cci\e for resO'\rch or touching, or both, in pin si- 
olog> , but umong them are some whoso incomca 
are domed from the practice of medicine or 
surgen , ind i\ ho nia\ , through indulging an actn c 
interest in plnsiological research, incur an eco- 
nomic losiritlicr than a gun Manj others occupj 
intermediate positions between these extremes 
The connection between the indnidual’a income 
ind his wo’'k as i plnsiologist is thus highlj xan 
able This is true oxen among those who choose 
plnsiologx as their primarx field of affiliation 

^^c shill therefore present onlj a few general 
statements conicrmng the entire group addressed, 
and gi\e more detailed figures on some of its sub- 
dixasions 

1 The entire qroup The total number of re- 
turned questionnaires furnishing mntorinl for the 
present report is 955 On reading these, it became 
cxidcnt that the wording and arrangement of 
certain parts of the questionnaire had allowed 
some misinterpretation on the part of those an- 
swenng The question on the sex of the addressee 
(question 11) was placed in unfortunate juxta- 
position to the question on marital status and 
dependents (question 10) The result was that m 
some instances at least the answer to question 11 
gaxo the sox of the addressee's dependents rather 
than his own This was obxaous because (a) on 
sex oral questionnaires the addressee, haxang de- 
pendents of both sexes, wrote m the number of 
each as the answer to question 11 (b) although 
this part of the questionnaire (Part I) was dc 
signed to be anonxmous, a few indixaduals wrote 
in their names or other marginal notations suffi- 
cient for identification Two of these answered 
question 11 in a wax which the committee can 
best account for bx attributing it to an error of 
the tx pe desenbed 11 e hax e no w aj of Ivnomng 
how manj umdentifiable persons, each wath one 
dependent of the opposite sex, made a similar 
error Of the 955 questionnaires 110, or 12 per cent , 
were marked as returned b> xxomen, the actual 
percentage of women in the group is probablj 
somewhat lowew 

Eightj SIX per cent of the entire group arc 
married The number of children per mdix idual, 
for the entire group, axerages 17, and of de 
pendents 2 4 There is little or no correlation be- 
tween income and number of dependents, if per 
sons of the same age group are compared Sixtx - 
rune per cent of all answering have proxasions of 
some kind for retirement w ith pay at their places 
of employment 

Fixe hundred thirtj-mne (5G per cent of the 
group) remained at their prewar places of emplo> - 


ment during the war jears Four hundred two 
(12 per cent) changed emplojmont in one wav or 
another (this figure includes some, but not all, of 
those who entered professional life between 1940 
and 1915) Of the 102 who changed cmplojmcnt, 
155 entered the armed forces, 151 changed to new 
cixilmn positions not m goxernment service, 65 
entered goxernment serxicc as civilians on full 
time, and 28 on a part time basis 

Ncnrlj a third (312) of all who answered had 
entered some kind of temporary cmploj ment dur- 
ing the war, m the armed forces or elsewhere The 
postwar emplojmont prospects of these, ns soon 
bx tliemselxcs at the end of 1945, are shown in 
tabic 1 

Onlj 2 per cent (10) of all physiologists reported 
Ihcmsch os ns unemplox ed at the time of answer- 
ing the qucslioniiairo Demobilization of the 


TXULE 1 

Employment prospeeia of those who vere employed in 
ffmporary ponfions dunng the tear 


Relumed to prewnr position 

109 

Non on le'isc from pronTir position 

25 

definite nmnjremcnts for a new position 

63 


197 

Will »cek cmplo>Tnent m ph>*sioloj:> 

67 

Will ?cck emplojment in other fields 

is 

W ill seek additional tmmmj; m ph>*9iolos:> 

75 

G 

Will seek additional tramiDg m other fields 

16 

Hxpcct to retire 

7 

Do not know 

12 


40 

Total 312 


armed forces was then in progress, the unemplox - 
nicnt figure might haxe been oxen less if the ques- 
tionnaire had been sent out a few months earlier 
or a few months later 

Vbout 15 per cent of the returned questionnaires 
withheld anj information on incomes, and some of 
the others gaxc onlj partial answers Increase of 
professional income bx at least one bracket, be- 
tw ecn 1940 and 1945, w as reported by 80 per cent of 
those answering Sixteen per cent remained sta- 
tionnrx 4 jicr cent regressed 
Income from non-professional sources contrib- 
utes to the support of a small minontj of the 
group, it goes mainlj to those with relatix elj high 
professional incomes Eightx per cent of those re- 
porting for 1940, and 75 per cent for 1945, list pro- 
fessional income and total income in the same 
bracket Of those who report outside income, at 
least two thirds in both jears had professional 
incomes alone above the median level This is true 
exen though the brackets of annual income were 
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oaly $200 or $400 apart m the lo^\ or ranges, but $600 
to $1000 apart m the upper ranges 
Those who were in the armed forces during all 
or part of 1945 had understandable difficiilty in 
answering question 12 on professional income for 
that year Some of them omitted any answer, 
some circled the code number 00, indicating no 
income at all, some listed their service pay, while 
still others, on leave from civilian positions, listed 
the salaries they would have received if thej had 
remained in them The figures on income given in 
this paragraph exclude, as far as professional in- 
come for 1945 is concerned, all those who were in 
the armed services, they also exclude all income 
data for 1940 for those who list themselves as 
having entered professional life later than 1939, 
and all 1945 income data for those W'ho list them- 
selves as having entered professional life in 1945 
Witli these exclusions, median annual total income 
for the entire group w as $3800 in 1940 and $5050 in 
1945 The median annual professional income in- 
creased during the same penod from $3700 to 
$4700 Because of the confusion in answers to 
question 11, referred to above, the incomes of the 
women as a subgroup cannot be determined with 
certainty, but discarding those answers which 
obviously were erroneous, and taking the remain- 
ing returns without question, the median annual 
professional income of the women was $2700 in 
1940 and $3200 in 1945 The age distnbution of 
women in the group is not greatly different from 
that of the men There is some difference in distri- 
bution of degrees, for example, 19 women (17 per 
cent of their total number) had no doctorate de- 
gree, as compared to 2 per cent of the men 

2 Phystologtsis, self -classified as such In the 
questionnaire the addressee was asked to state Ins 
owm primary professional affiliation, whether in 
physiology or in some other related field We there- 
fore have several subgroups, the largest being 
made up of those w ho classify themselves as physi- 
ologists, with smaller groups of those who belong 
primarily in medicine, biochemistry, anatomy, 
etc It is not certain that the smaller subgroups 
constitute representative samples from the pro- 
fessional fields to which they primarily belong 
Hence it would be useless, and perhaps misleading, 
to compare one subgroup to another in respect to 
income At the same time the combined figures 
from all of the returned questionnaires cannot be 
taken as applicable to physiologists alone 

Of the 955 persons who answered, 52 per cent 
(497) classify themselves as physiologists Table 
2 shows the ■distribution of these according to 
degrees held 

In 1945 about three-fourths of the self-styled 
physiologists were employed in institutions using 
academic rank or titles, the majority in depart- 
ments of physiology The nature of employment 


outside of academic institutions w s'- not as! cd for 
specifically The distribution is as follows 

Rclalwn of income lo length of professional ex- 
perience In the questionnaire (hose who Iicid the 
Ph D or Sc D degree were asked to indicate the 
year in which it was awarded Those holding 

TABIT 2 

Dtslrtbulton ef irtf tt;ilcd ph])»\nlosiitls accnrdxng to defreea held 


M D not] Ph D or Sc D 67 D V M or D V Sc 3 

M D and M S or M A 29 Sf S or M A 31 

M D 39 Ilnchclor 8 

Ph D orSc D (ptij-sioloRj ) 229 Derroo not stated 3 

Ph D or Sc D (otlicr) 88 Total <07 


TAIJkE 3 


Zlisfnlufion o/ telf itifled phi/iioloffitts among academic and 
non-academic pontiont 


! 

1910 

194S 

In departments o( physiolofw 

210 

259 

In other departments usinc academic titles 

107 

106 

Retired 

4 

8 

No academic title, or no answer 

46 

115 


367 

488 

Dcrtccs conferred in 10<5-1940 


9 



497 


•t 

1940 44 

59 

t930 54 

1925 29 
1920 £4 

1915 19 

1910 14 


Fig 1 Professional incomes (median), in 1940 
and 1945, of those classifying themselves as 
physiologists Shown in relation to year of enter- 
ing profession 
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neither of the degrees named w ere asked to indi- 
cate the year of entry into professional career On 
this basis the self-styded physiologists were ar- 
ranged into five-year groups, the youngest group 
being made up of those whose degrees were re- 
ceived, or who entered professional life, m t e 
years 1940 to 1944 inclusive The median annual 
professional income for each of these five-year 
groups, in 1940 and in 1945, is shown in figure 1 
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No proiip rontnininp fewer thim 10 )iuhvuluiil9 18 
lifted The sninlle'.t proup nppcinnp (1010-1 1) lind 
onlj 10 members in 1010, mil Imtl been reduced to 
0 in 1915 bj one retirement 
In figure 1 the increiso of profcsaionnl ineome 
between 1010 nnd 1915, sbown for cncli of the 
^oungcr groups is pnrlh the inercase of csrninga 
normnllj to be e\pcctcd from an added fuc jenrs 
of profession'll experience It la also in part duo to 
change in the general economic situation, this 
effect ma> be roughlj o% aluated bj comparing the 
1946 income of each group with the 1940 income of 
the next older group From such a comparison il 
appears that wartime conditions increased par- 
ticular!} the earning power of the }oungcr people, 
this increase becomes smaller ns succcssivcl} older 
groups arc compared It is perhaps worth noting 
that the 1910-14 group, in 1910, had a low cr median 
income than did the group of 1915-19 This fact 
might indicate that in peace time the peak of 
earning power is passed after 25 jears of service, 
but in 1945 the 1915-19 group had exceeded 25 
jenrs and maintained the same lo\el of income ns 
in 1940 

3 Holders of the Ph D degree in physiologij Of 
the 955 persons answering, 32 per cent (305) list 
thcmselvca as haxang the degree of Ph D or Sc D 
in pbj siologj , but not the M D Six of these re- 
ceived their degrees in 1945 Of 299 vnth degrees 
conferred in 1944 or earlier, 15 per cent (45) were 
in the armed semees Sex entj one per cent (213) 
held academic positions is 1945, most (122) in 
departments of physiolog} and fewer (91) in other 
departments The nature of the cmplcjmcnt of 
the remaining 14 per cent (41) was not specified 
One might conclude from these figures that nearly 
all those who enter professional life with only the 
PhJD degree in phjsiologj find employment m 
academic positions It should be noted, however, 
that the number of Ph J) degrees “m phjsiology” 
granted by North American umvcrsitics since 1912 
IS more than four times the number of those hold- 
ing such degrees who answered our questionnaire 
(see section 1 of this report) We have no way of 
knowing what became of those not listed here, nor 
can we be sure that we have a representative sam- 
ple of the total number 

Considenng the holders of the Ph D in phj Bi- 
ology who are m academic positions, and compar- 
ing those in departments of physiology with those 
in other departments, the latter have, on the 
average, slightlj higher academic rank and in 
comes Their median annual professional income, 
for 1945, was S4250, the median for those in de- 
partments of phj Eiologj , S4050 But those in other 
departments are a slightly older group The 
median year of their entry into professional life is 
1934, as compared to 1936 for those in departments 
of physiology 


Of the 305 doctors in physiologj , 77 per cent 
(21G) now classify tticmsolvcs ns phvsiologiste 
The remaining 23 per cent (09) choose afiilmtion 
with other biological sciences, clncfly biophysics 
(20), pharmacology (16), and biochemistry (14) 

I Those holding academic positions in depart- 
ments of physiology Of the 955 persons w)io an- 
swered Ibe qucsliomiaire, 30 per cent (340) report 
Hint tliej held academic positions in departments 
of physiology in 1910, and 34 per cent (327) in 
1916 The titles listed in the questionnaire were 
department head, professor, associate professor, 
assistant professor, associate, instructor, and 


TADIX 4 

AmJtmw ronJt* in dtpurimmU cf p^t/stoloffy, in relation to 
ieoreei held, J9f0 and ISfS 
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assistant Titles not included among those named 
were put into a miscellaneous group of "other 
ranks" Table 4, below , shows the distribution of 
ranks according to degrees held The two ranks of 
associate and instructor are combined in the 
tabulation, because the salary ranges for the two 
ranks were found to be approximately the same 
From table 4 it is evident that of the doctorate 
groups listed the holders of degrees in physiology 
occupy the lowest average rank Their relative 
position improved somewhat between 1940 and 
1945, but IS still infenor to that of the other 
groups The professional incomes of the doctr^ 
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in physiology are correspondingly low, ns is 
shown in table 5 

In tables 4 and 5 the doctorate groups listed in- 
clude, for 1940, only those who received the Ph D 
degree, or who entered professional life, in 1939 or 
earlier, for 1945, those who received the Ph D 
degree or entered professional life in 1914 or 
earlier 

The relatively low ranlcs and incomes of the doc- 
tors in physiology do not necessarily mean that 
preference in appointments is given to holders of 
other degrees The doctorate groups vary among 
themselves in average length of professional serv- 
ice The doctors in physiologj' arc a comparativclj 
young group The median year of receiving their 
Ph D degrees, and presumably of their entry into 
professional life, is 1936 (in the 1945 tabulation) 
For those holding doctorates from other sciences 
it IS 1930 For those with the M D , alone or com- 
bined with a master’s degree, the median year of 
entry into professional life is 1926 Among these 
groups, the differences of rank and income can be 
attributed mainly to differences in average length 
of service 

If any doctorate group holds an economically 
favored position with respect to preference m 
appointments, it is the group holding both M D 
and Ph D degrees The median year for the award 
of their Ph D degrees >s 1933, but of the 52 indi- 
viduals listed in this group for 1945, 33 earned the 
M D after the Ph D Hence for this group the 
median year of entry into the profession must ha\ c 
been some time later than 1933, and can hardly 
have been more than a year or two earlier than 
the median year (1936) for the holders of Ph D 
in physiology 

The relative age of the M D groups makes it 
evident that in recent years few young men with 
the M D alone have stayed in physiology If they 
have entered the field, they have either secured 
the Ph D as additional preparation, or they have 
moved out Those with the M D alone, if they 
elect to remain in physiology, apparently fare as 
well as those with the Ph D alone Those with 
M D degrees have a somewhat greater freedom 
of choice whether to remain or not The number of 
young men lost from physiology to other fields, 
and the reasons for their leaving, are discussed in 
section 4 of this report 

Professional income in relation to academic ranh 
in departments of physiology Only 2 of 43 persons 
listed as assistants in 1940, and 2 of 12 in 1945, 
held doctorates antedating those years The assist- 
ants were evidently for the most part graduate 
students employed on a part-time basis In 1940 
their median annual pay was less than $1150, in 
1945 7 of the 12 reported more than $1150 The 
small number of assistants reported for 1945 may 
be largely due to the reduced number of graduate 


students available Rut it is also probable lliat the 
sources from vhich our roster of phjsiologists was 
made up did not furnish a representation for the 
lower raiilvs in 1015 equal to that of 1010 No doubt 
tins IS true ns far ns assistants are coneerned, 
in some degree it inaj applj to lussociates and 
instructors 

Those with miseellaiieous academic titles 
grouped under "other ranks’’ numbered 12 in 1040, 
17 in 1915 Their median annual professional income 
was $2250 in 1910, S 1600 in 1015 In each of those 
years there were onlj two of the group who did 
not hold doctorates 

Table 0 shows the frequenej distribution of pro- 
fessional incomes according to academic rank in 
departments of plijsiolog}, in 1910 and in 1945 
The ranks listed arc from associate or instructor 
(combined in the tabulation) to department head 

In table 0 it will bo noted that between 1010 and 
1015 the median income bracket shifted upward for 
assistant professors, associates and instructors, 
but remained stationarj for the upper three ranks 

T \BLE 5 


J/fiiannnniial professional tneomes.lOfOani I'>(S,of those holdinj 
academic positions in departments of phjrsiolo^v, 
afioirn in relation to degrees held 
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There is, howe\ er, some upward movement in each 
rank The brackets are not uniform intervals, the 
extent of each bracket is only $200 in the lower 
range, wndcning to $400, $600, and $1000 at the 
middle and upper levels Table 7 below shows the 
median professional income for each rank, calcu- 
lated from the assumption that all units falling 
wntlun the median bracket are evenly distributed 
over it The table also shows the median number 
of jmars elapsed since entrj into professional life 
(or date of Ph D degree), for the individuals 
holding each rank 

We do not Imow to what extent the changes of 
income between 1940 and 1945 represent actual 
increases of basic salarj scales The term pro- 
fessional income’’ was used in the questionnaire to 
include all salaries, fees, and other remuneration 
received for professional w ork Hence the amounts 
listed do not necessarily mean salary alone, though 
in most instances professional income from other 
sources is probably negligible During the war 
some institutions temprorarily allowed extra pay 
for extra duties assumed in connection with the 
war program Finally, there was some depletion of 
institutional staffs during the war, and where the 
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loc\l Bftlarj 'Jcalc wns lov\ Uvo loss of personnel 
inn> In-vc been a high fncUon lienee low paying 
insliUilions mij liaio rclati\cl) a larger repre- 
sent alion in our figures for 1910 than in tlio figures 
of 1915 

The econonuo situation of the individual was of 
course iniproi cd in nianj instances bj promotion 
in rank or bt transfer to a different field Table S 


rank Of tlio 7 who were still without doctorates, 
all reported increases of income, though onh 2 had 
been promoted 

Tliirly five transfers from one department of 
physiology in 1910 to another in 1915 were re- 
ported This figure includes those with and those 
wnthout doctorates in 1910 
SuMWAni AND Discussion Physiologists ns a 
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Di&tnbiitwn oj annual projcsstonal incomes, 1040 and IO 4 B, of those holding academic Tank of or above 

xnstrnctoT 111 departments of physiology 
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shows the number of promotions, transfers and 
new appointments, of all personnel with doctorate 
degrees, between 1940 and 1945 It should be noted 
that the table bsts only transfers between physi- 
ology and other fields, not transfers from one 
department of physiology to another 

Practically all the promotions and transfers 
listed were accompamed by increases of income 
Of the 98 whose rank remained unchanged between 
1040 and 1945, 42 were department head^ in both 
j ears, and 66 of the 98 reported increases of income 
by at least one bracket Of the 4 demotions, 2 were 
transfers to new positions at lower rank but higher 
salary , only 1 of the 4 transfers entailed a reduc- 
tion of income 

In table 4, 21 per cent (73) of members of depart- 
ments of physiology in 1940 are listed as without 
doctorates Twenty six of these had been lost in 
1945, 15 to the armed forces and 11 by transfer to 
other fields Of the 47 who remained, 40 had earned 
doctorates in the interval, 38 with promotions in 


TABLET 


Vtduin jJTo/eirtoiwl inccmes, oaJ median numter 0 / ytari 0/ 
pnfcssxtmal trmce, in relation to aeademie ranks in 
departments of pkysioloov, lS4t> and ISfS 



AKNUAl. PKOrCS- 
1 StCnJCL n^COU£ 
UEOIAK, < 

YEASS SXMCX ZKTaY 
INTO PnOTESSlON 
UEDIAN 

1940 

1945 

1940 

1945 

Department beads 

6900 

6200 

19 

21 

Professora 

4900 

5100 

20 

20 

Assomto professors 

4050 

4250 

12 

13 

Assistant professors 

3100 ! 

3650 

8 

6 

Associates and instructora 

2160 

3000 ' 

2 

4 


group had some increase of earnings between 1940 
and 1945 This was brought about mainly by pro- 
motions and transfers In non-commercial insti- 
tutions for research and teaching, where the 
majority of physiologists are employed in peace- 
time, basic salary scales apparently were raised 
somewhat in the lower ranks, but very little if at 
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all in the higher In the lowest rnnics tlie increase of 
income was perhaps suflieient to offset the increase 
of taxes and of general price levels But the eco- 
nomic status of the average department head, 

TARLr 8 

Personnel wtlh doctorate degrees in departments of phi/siologg, 
I9i0 and Transfers to and from other fields, 
changes in rant, and new appointments 


Total number m departraonts of phyaioloKi , 1940 273 

Ijoat between 1940 and 1945 

Transferred to other dopartmenta 20 

Transferred to non academic civdian positions 12 

In armed forces, 1945 24 

Retired between 1940 and 1945 6 

Unemployed, 1945 2 72 


Held over through 1945 

At same rank as in 1940 OS 

At lower rank 4 

Promoted m rank 99 201 


Added between 1940 and 1945 
With doctorates conferred 1940-1914 70 

With dootomtes dated 1939 or earlier 
Transferred from other departments 24 

Transferred from non academic positions 9 109 


Total number m departments of physiology, 1945 310 


professor, or associate professor in physiology had 
obviously deteriorated in 1945, as compared to the 
status of corresponding ranks in 1940 In war time 
many people, of whom physiologists make up onlj 
a small fraction, inevitably find themselves in a 
similar situation We are actually not concerned 
now about 1945, but about the future If the cur- 


rent trends toward general higher pay and price 
levels continue, and if salaries in pliysiology rc 
main static, it seems clear that increasing cco 
nomie diffieulties will fare those now working in 
the science, and that fewer joung men will choose 
to enter it 

If plnsiologj IS to attract capable' men, as it 
must do if its progress is to continue, there must 
be axailable a suffirient number of more or less 
permanent positions, in research and teaching, at 
salaries commensurate with those offered in com 
peling fields Flans are now being developed for 
the adianccment of scientific research through 
goiernmental sujiporl These plans make iinprcs 
si\c provision for the training of joung men in the 
sciences, but are regret tablj \aguc with respect 
to the subsequent cmploj meat of the men trained 
Section IV' of this report will show that many men 
alrcadj trained inph\siolog> have left it because 
it had too little to offer in the wn\ of a career 

No doubt a certain amount of shifting between 
lihjsiolog} and related fields is wholesome Nona 
it ncccssar 3 , or c\ cn desirable, that c\ cry man who 
enters phvsiolog\ with a doctor’s degree should 
automatically be adianced in a few years to a 
professorship or the equivalent There should be 
competition for the higher positions But in any 
long-range progr im, an attempt should be made to 
reach a proper balance between the number of 
men trained and the degree of advancement which 
the majority of them can reasonably expect to 
achieve For the formulation of such a program 
factual information is required, it is hoped that 
the material here presented may be of use 


SECTION IV THE CAREERS AND INCENTIVES OF PHYSIOLOGISTS 

JULIUS H COIMROE, Ja 

Deparlment of Physiology and Pharmacology, University of Pennsylvania Graduate School of Medicine 


The careers, ambitions, concepts and incentives 
of physiologists cannot be subjected to precise 
tabulation and statistical analysis as have been 
their geographic distribution and economic status 
Wherever possible m this report the opimons 
expressed by physiologists have been treated 
numerically The remainder represents an attempt 
at a synthesis of the comments made by physiolo- 
gists in answer to our request for criticism of 
present teaching methods and for “expression of 
opimon on any matters dealing with the advance- 
ment of physiology” (including publication facili- 
ties, meetings, emplovment services, new fields of 
employment and obligations of physiologists to 
society) The comments that follow are included 
either because they were offered by a number of 


individuals or because they arc considered to be 
thought provoking The committee does not 
necessarily agree with all of these comments but 
feels that they are well w orth recording here 
The careers of physiologists are concerned 
chiefly wuth research, teaching, and the training 
of young men and women 
A Research Three hundred physiologists who 
reported for themselves and associates had bud- 
gets totalling three million dollars in 1945 (exactly 
double that in 1940) The precise percentage of 
these budgets assigned to research is not known 
but at least 2 5 times as much was expended on 
research as on teaching The continuity of this 
financial support is uncertain only 8% of the 
group had “long term” grants exclusively and 
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ot nil U>c prnnt*: were clu'-scd ns "uliort term" 
\\3nlp ilcpnrtmcnt IichIb lutl the largest per 
rspiln Inidpct, onh 27'^ of the total funds in 11145 
nerc ndminislercd In the department liesds, lt''o 
were administered In professors other than de 
partment direetors and lM''p hj those lulow the 
rank of professor This m n hi i reel nt situation 
nii'ed In poieritnient prints to indnidiinlR for 
wartime research 

Conditions were eonsiderod reasonahlj satis 
fnetor\ for rese ireh In S2'’p of the group Most 
medical schools eneourape plnsiolopieil rt search 
though mam smaller colleges or iinnersities do 
not The most serious dinicutt\ encountered in 
research nork uas the lack of trained teehiiieil 
helpers and research issisiants 7S''o of pin siolo 
gists reported inadequate techiiieal help This lack 
of assistants is relited directlj to sire of liudget 
Of those reporting annual hudgets of $100,000 or 
more, onlj ll^o found their teehnical helpers in 
adequate Of those with budgets of $25,000 to 
$50,000, 51% elninieil in idcqiiatc helpers and of 
those with budgets of $5000 or less $5% wore 
dissitisficd It IS ipparcnt that pood Icehiiie it 
helpers do not e\nst but that these arc attracted 
to the research institutes where salara and per 
manenej arc not problems Other difiieulties eii 
countered in research were (in order) too much 
time required ba teaching, loo much tunc taken 
up b\ other dut les and lack of pin sical equipment 

U Teaching OnU 10% of the group ha\e no 
teaching responsibilities Most of the group leach 
medical, dental or graduate students and onlj 
10% teach undergraduate students priniarih The 
median medical school course in phj siologj con 
sists of 99 lectures and 154 hours of laborntora 
work The spread is w ide 55 to 22S lectures and 90 
to 384 hours of laboratorj work The minimum 
number of lectures and the maximum amount of 
laboratory work belong to Missouri, where the 
students must be shown and not told! 

85% of phjsiologists bolietc that conditions arc 
reasonablj satisfactors for teaching Of the 
minority reporting senous handicaps, these are 
(in order) (1) classes too large for the staff, (2) 
lack of technical help, (3) too man> hours of teach- 
ing required and (4) lack of phj sical equipment 

Some specific constructive comments in regard 
to teaching were 

(1) There is a need for more modern equipment 
in teaching X-ray, fluoroscope, electrocardio 
graph, electroencephalograph, cathode ray oscil- 
loscope One individual reported aptlj , “fVe need 
a moratorium on the inductorium” 

(2) More visual teaching aids should be made 
available (such as moving pictures made or di- 
rected by authorities m special fields for distribu- 


tion to colleges and umvcrsilics whore physical 
equipment is scarce) 

(3) Itsclmiigc icachiug professorships and in- 
slriirtorshipB shonld be fostered 

(1) A handbook of physiological data, similar to 
the ITiindbook of Physics and Chemistry, should 
he jnihhshcd 

(5) V comprehensive immial of physiological 
laboratorj experiments should be assembled 

(G) The tciicliing of pliysiologj in medical 
schools should he expanded The most frequent 
eomments upon fcaclimg referred to the question 
of Icaehing jihjEiologj in the various years of the 
mcdioal ciirieuliini While a few hclicvc firmly 
that medical ph\ siologj should he tauglit ns apure 
seionce, tlic great majority agree that the leaching 
of phj siologj should he correlated more closolj 
with that of other medical sciences biothomistrj , 
pathologj ]ihiirmneologj , medicine, andsurgerv 
Onlj 27 of G9 medical schools leach physiology in 
the second jeir in addition to the first, and only 
15 of these present more total hours than tho 
median Cnt sthool lists the teaching of physiology 
in the third jear and one in the fourth year It is 
becoming apparent to eliniciaiis that physiology is 
now dn-plnring morphology ns the fundamental 
mcdienl seionce Physiological teaching and 
orientation is now needed for medical students in 
all four yenrs, for internes, for residents, for 
graduate phy sicians and for those aspiring to be 
licensed ns medical specialists At present less than 
8% of physiology Icncbcrs instruct in clinical 
physiology, though 30% ha\e the MD degree 
The extension of the teaching of physiology into 
(he third and fourth y cars of medical school can be 
ncconiplishcd by the creation of clinical physi- 
ology courses, seminars or ward walks It can 
probably be accomphshed better by making 
physiologists of our future clinical teachers This 
wall be considered in greater detail later 

C Training of physiologists A third function 
of physiologists IS considered to be the traimng of 
young men and women m physiological techmques 
and thinking Physiology has two great tasks m 
the future, (I) to spread physiology and physi- 
ological methods into all of medicine, tending to 
convert medical teaching from descriptive, mor- 
phological aspects to functional aspects, and (2) 
to delve into the mysteries of the cell and learn 
more of the fundamental processes of life The 
same man will only rarely acquire the training 
needed for those two undertakings Cellular 
physiologists require much more training in phys- 
ics, chemistry and mathematics than premedical 
students obtain On the other hand the cellular 
physiologist rarely spends four years in acquiring 
the M J3 degree While the most spectacular and 
widely publicized activities of physiologists are 
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those concerned TMth human disease and its treat- 
ment, the growth of pure or of general iihjsiologv 
must be encouraged in everj' way In a program 
for training nen physiologists, equal omphasis 
should be placed upon the training of doctors of 
physiologjf and of doctors of medicine 

More phj'sicirns should become interested m 
physiology, not necessarily with the view of 
becoming full-time physiologists but to learn more 
of the experimental approach to clinical problems 
and teaching This may be accomplished 

(1) the insistence that classes in mcdicnl 
physiologj be presented bj' those nlio teach, not 
grudgingl}^ but from the fascination of educating, 
inspiring and stimulating young men 

(2) By the interpretation to clinicians of funda- 
mental advances in physiolog)' b}' those jilnsi- 
ologists vho nrite or speak lucidly and concisclj 

(3) By the establishment of research student- 
ships in ph 3 ’siology — if only during the summer 
months 

(4) By encouraging admission to medical schools 
of students uho are interested fundamentalh in 
research or teaching — not in practicing medicine 

(5) By the establishment of one year or seieral- 
year fellowships in physiology as part of the medi- 
cal and surgical resident and specialist training 
programs 

(6) By freeing the mostOnspinng and stimulat- 
ing physiologists from admimstiative w ork so that 
they may devote considerable time to the training 
of these men 

Since general or cellular physiologists usually do 
not come from the ranks of physicians, an entirely 
different program must be initiated to attract 
more men into this field The prospective Ph D in 
physiology, if not an M D as well, must receive 
his imtial enthusiasm for physiology in college 
At present most college courses m biology are 
concerned primarily mth anatomy and morphol- 
ogy and less with function Non-premedical stu- 
dents should be exposed to the stimulation of a 
good experimental biology course in college 
Colleges might be prodded into the development 
of such courses by the medical schools At present 
no medical school in the country requires any pre- 
medical instruction in general physiology Only 
two admse physiology as a premedical subject, 
three indicate that it may be taken, 49 make no 
mention of physiology, general physiology or 
comparative physiology On the other hand 17 
medical schools request, urge or recommend that 
college courses in physiology not be taken, or if 
taken, mil not help satisfy medical school require- 
ments While it IS realized that the whole subject 
of premedical requirements is a highly controver- 
sial matter, it has been suggested that if medical 
schools recommend that general physiology be 
taken in college, this might be sufficient to pro- 


mote the extension of physiology in some 400 
colleges throughout the toiintrv 
It 18 unsound to attempt to increase the number 
of physiologists in the ( miiiln only to find that no 
fcurhiiig or rtscartli imsitions arc a\nilahlc for 
them Tins can bp rriiu.(liod onh by making avail 
able funds for the siquiort of general physiology 
not onh in medical schools but i/i cnllcga as veil 
At prestiit, silan si ales arc so Ion in some 
colleges and mi die il sihoois that many men and 
women who desire to do research or teaching in 
phv siologv are forced into otlier fields through the 
sheer noctssih of supporting their families 
\ siipjilemeiitarv questionnaire was sent to 
all directors of jiln siologv den irtments request- 
ing (hat data he siqiplied in regard to all their 
staff memhers and graduate students during the 
ten-year (icriod 1035-l'i|5 I airh complete infor- 
mation was returned bv 3S medical school depart- 
iiicnls, 2 college departments ami 2 graduate re- 
search institutes Data upon 527 individuals were 
anahzcd Of flicse 527, 313 arc still working full or 
jiart time in medical school, college or govern- 
mental physiology dciiartmciits or in the related 
prcclimcal fields of biociicmistry or pharmacology 
The other 214 have left phvsiologj for various 
reasons 130 arc practicing medicine, 25 arc in the 
armed forces, IS (women) arc married, 14 have 
entered business careers, 12 are in commercial 
laboratories and 15 left for miscellaneous reasons 
Of this group of 214, Cl had received Ph D 
degrees in phy siologv and CO had receiv cd M i or 
MS degrees in phvsiology Students who have 
temporarily entered phvsiology as a deliberate 
preparation for clinical medicine have not been 
included knowingly in these figures Consequently 
It appears that a v cry high percentage of those who 
desire a career in physiology leave this field It is 
impossible to ascertain how manv of these might 
have become outstanding teachers or investi- 
gators Howev'’er it is certain that many indi- 
viduals either leave or do not enter upon an aca- 
demic career because of the discouraging financial 
outlook Some directors of phvsiology depart- 
ments have tried individually to remedy this 
situation by refusing to make appointments at 
substandard salary scales 
There is evndeiice that physiologists are not 
motivated strongly’- by desire for riches Physiolo- 
gists are rather conserv ative in their estimates of 
what constitutes “fair and adequate salaries 
Directors of all medical and many college phys- 
iology departments were requested (in a supple- 
mentary questionnaire) to answer the following 
question “What salaries do you consider to be 
fair and adequate at the present time (April 1946) 
for physiologists?" So few replies were received 
from the colleges that only data will be considered 
from the 46 medical schools that answered Table 
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1 shows the nclvnl nnmnl salaries rocened hj 
pin siologists (m medical schools) in 1010 nnd 1915 
and the opinions of the department heads regard 
ing "fair and adequate” salaries The medians of 
the •'ilaries requested are Instructor $300(1, 
Assistant Professor $1500, Associate Professor 
$5600, Professor $7500 and Department Head 
$10,0(10 E\cn the highest incomes arc cvtremclj 
low compared with those of other medical special 
ists who haac likewise risen to the top of (heir 
profession Indeed, one frequenth o\erlooks the 
point that plnsiologists, in common with pharma- 
cologists, iiathologists and hiochcmists arc mcdi 


gists have commented frequently, m anew enngthe 
questionnaire, that if they eannot be paid adc 
qiiatoU in money at present they desire full pay 
meat b> department heads and deans m their other 
inccntises— freedom of investigation, freedom in 
leaching and in administration 

In addition to what has been summarized above, 
niiin plij Biologists Iia\c urged a few additional 
considerations 

(1) lleprcscntalion of all pliysiologists in the 
American Phjsiological Society 

(2) I'urthcr extension of new fields for physiolo- 
gists— into eollegcs (including agricultural col- 


TABLE 1 

Actml annnnl professional incomes rcccncd hij medical school physiologists as compared with salary scale 
considered “fair and adequate in Iprif JOfG" by 4G departmental directors 


The median m cadi croup i? indicated bj • 
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questionnaire the figures in the column headed F d, A 1916 * were obtained from a supplementary questionnaire answered by 
46 department directors 


cal specialists just as much as are intermsta, 
surgeons, obstctncians, or ophthalmologists, and 
that phx Biology as a medical specialty requires 
equal mental processes and equal or greater train- 
ing than that demanded by clinical medical 
specialties 

Though many ph> Biologists have changed pro- 
fessions for financial reasons, those who remain 
are motivated by a number of incentives These 
are (1) the intense desire to perform original, 
independent investigative work, (2) the intel- 
lectual stimulus from colleagues, (3) the challenge 
in teaching students and m developing one’s own 
teaching techmques and (4) security or tenure, 
retirement provisions and vacations Phjsiolo- 


Icges), industry, drug compames, climcal research, 
aviation, chmeal laboratories, governmental re- 
search, public health, entomology, etc 

(3) A further development of the Federation 
Emplojunent Bureau with public listing of avail- 
able positions in Federation Proceedings by those 
desinng to do so — to replace the grapevine system 
of job location 

(4) A pubhc relations bureau to provide the 
press and general public with accurate, interesting 
accounts of research in Physiology in order to 
supersede grossly inaccurate articles in national 
magazines which only serve to confuse the public 
Such a bureau should also serve to educate the 
pubhc as to the purpose, method and value of 
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basic physiological research and its need for puiilic 
encouragement 

A more detailed Digc’fl of Covtwcnls anri Siiggcs 


horn has lieeii ^\rltlen b> Dr Phdip Dow, and 
niinieographed cojiK's are available upon request 
to him 


SECTION V FUTURE PHYSIOLOGY 
E F ADOLPH 
The Univcr'iitii of UochcsU r 


Physiology today is an evolution from its own 
past Its mam theme is cireulation largch be- 
cause Harvey and others found wa)s of securing 
exact information about the blood’s circulation 
It is subdivided according to anatomical terms 
largely because processes were first studied from 
cunosity about structures It is anal} tical in 
method largely because its devotees w ere teachers 
Its investigations are reported in short pajiers 
largely because most of its students were part- 
time observers who had no connected time to 
write books Research tends to be routine and out- 
look on reality is limited because no physiologist 
stops to analyse the basic assumptions of present 
science, and few' suspect that other procedures 
than those of the past arc available 

Let us say with Cousin, “It is better to have a 
future than a past ’’ If so, it behooves us to gam a 
glimpse, or possibly a vision, of how much is } et to 
be done in physiology 

What of the Future? A historian who might be 
called upon to assess the position of the ph} Biolo- 
gist today would start from a consideration of 
social organization He would speak of the de- 
velopment of civilization, the obligation of the 
individual to the society in winch he lives, the 
allegiance of the professional man to his profes- 
sion, the incentives that result in effective accom- 
plishment, and the unique craving for freedom by 
the human spirit By listing the notions and resi- 
dues upon which our social world is based, the 
historian w'ould lay foundations upon which spe- 
cific and decisive formulations about intellectual 
position could emerge In contrast, the scientist 
IS likely to take for granted the social organization 
that has made scientific outlook and endeavor 
possible All that distinguishes western civiliza- 
tion from any other would be absent in his descrip- 
tion of backgrounds Or would it be absent? 
Rather it would be implicit, yet apparent to the 
philosopher capable of visualizing all that the 
scientist of today, specialist and man of action, 
Ignores in his description of life processes Today’s 
scientific outlook may not survive under some 
other trend of social organization 

A question before all scientists today is Why 
not push onward within the frame provided by 


oxisting (iistoms •md iiistitulioiis^ Wliy not stav 
in the laborator} where one has a small sphere of 
freedom, instead of iijisettiiig much peace of mind 
in the effort to explore the wider implications of 
scientific endeav or’ Soeittv itself docs not want to 
be disturbed bv tliinki rs or experimenters Shall 
one accept the niche in which accident and evolu- 
tion hav e jilaced one, or explore other niches to see 
what their ad vanlagt s and disadvantages ma} he? 
Such exploration calls for a different t}pe of 
experimentation than the manipulation of appa- 
ratus It calls for experimenting in social ideas, in 
concejits of v\hat scientists can do, and most 
profitable of all, m rearranging one’s own notions 
of what IS worthwhile and of what can be done 
with the advances in knowledge ns we reach them 
Perhaps a larger purpose ma} in the end be formu- 
lated b} each phvsiologist who starts to explore 
Estimate of Physiology’s TasI Doubtless numer- 
ous physiologists hav eat some time w ondered how 
man} phenomena of life are still to be investi- 
gated If it be possible to define one process (e g , 
formation of carbonic acid), it mav also be possible 
to estimate the hundred varieties of conditions 
(c g , temperature) under w hich that process could 
be manifested Unfortunatel} , living systems can 
but rarel} be divided into umt processes Never- 
theless, let us suppose that some living cell has a 
thousand unit piocesses Among the billions of 
cells in one organism the majontv of processes are 
similar, another thousand might be added as 
variants In the compounding of the cells into 
organs another thousand unit processes emerge, 
and perhaps another thousand in becoming a 
whole oiganism Thus under one set of conditions 
there are 4000 unit processes to be studied in one 
individual The interrelations among the processes 
are likely to be not 4000 ’ but /i222) vvhich is a 
superastionomical number Perhaps in one species 
the peculiarities of the individual are only m one 
per cent of the unit processes, but among the 
billion individuals belonging to the species another 
million new units might be found Further, among 
the several million species, millions of new pro- 
cesses and billions of new interrelations will be 
found, even though the majority of them w'lll be 
uniform throughout thousands of species and their 
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jnrts Such Ml cstiniitp is quantitituclj uspless, 
iiut it nsualizrs the inexhuistible initorml that 
awaits phj siolopiral stiuh Cortainh short cuts 
will bo found b\ the caplorers on tlio trail, nnd 
comprehensive procedures will snae niucli 1 ibor 
Nevertheless, for potierations to come the fnctinl 
frontier w ill remnin endless 

If the factunl content of phvsiologj counts its 
units bj millions, the intellectunl content of 
phvsiologj is also infinite Compared to the 
hundred plivsicil techniques now ivailabU, 
thousands cm be developed Mathematical and 
logical techniques alone mav number more thou 
sands Devices for conceiving, visualiring, nnd 
reisomng about livang processes and their intcr- 
relitions mav become invriad The task of plus 
lologv IS continuall) to invent new nppronehes 
There is alrcndj reason to bcliev e that more non- 
Harveian phvsiologies can cvist than non Euclid- 
ian geometries 

The Immediate Future About the immediate 
future, much more concrete notions can be formu 
lated One comprehensive notion of the aims of 
phvsiologj 18 that phjsiologv like all science con 
sists in arnvang at generali rations A list might 
be made of todav 's generalizations in plivsiologv 
A vasible enemj to the testing of general rules is 
the specialization of knowledge Therefore present 
compartments maj to advantage not bo main- 
tained Free lances maj adv antagcouslv appear 
among phjsiologists Thev maj garner results 
from manj' sorts of phjsiologv and weld them into 
more general categones of fact and concept Thev 
V ill need at one time the concrete experience of 
the aged phjsiologist and the initiative of the 
joung nonce 

Some phv Biologists are concerned to predict the 
likelv directions in which plij Biological research 
vail develop in the next 25 or 50 jears It is not 
clear that the subject matter or topics of research 
will themselves be decisive Nor do the new 
phjEical tools that wall become available seem 
important, though thej wall steer men’s atten- 
tions Rather we maj ask, what finds of results 
and achievements will at that time be awarded 
most recognition’ 

One guess among the infimte number that can 
be made in this area, is the following Phj Biolo- 
gists will by induction achieve generalizations for 
manj processes susceptible of phjsical anal j sis 
Since we are in an age and place of instrumental 
skill, we will make av ailable enormous numbers of 
measurements bv^ the most readj methods Knowl- 
edge of these processes wall continue for manj 
years to overshadow our concepts concerning 
processes not measurable by those same methods 
Later will come the appreciation of the means by 
v/hich the measured properties are interrelated 
and by which the interrelations have been estab- 


lished (hitched) and In which thev can be un- 
hitched and rohitelied In that dav measurements 
will be valued onh as thev ascertain the degree of 
inodifinbilitj in the life of the living sjstem, per- 
haps New processes will no longer be merclj' 
identified, but their evolutionarj hislorj and 
present labilitj vv ill be assessed 

At the same time that induction is carried to 
increasing heights of gcneraliz ilion, deduction 
willocciipj manj phjsiologists New applications 
will be found in proportion ns uses in everjdaj 
life seem to demand them Everj industrj will 
involve plij Biological applications, if for no other 
reason than that it has workers in it who are com- 
pounds of phj Biological phenomena In addition, 
the majoritj of industries will probablj make use 
of animals, microorganisms, and plants, and those 
industries need subjection of those organisms to 
the control and produotmtj that only phjsiologj 
can furnish Instead of limiting itself to diseases of 
man and reproductive products of hens and cows, 
phj Biological science will exploit thousands of 
organisms as fast as genetics produces profitable 
tJTpes But physiologists will set the specifica- 
tions required of those types 

Publications The survej has included no in- 
formation about publications bj phjsiologists 
We might count the total number of titles listed 
m some standard index, if phj siologj be defined in 
some arbitrary way It could be demonstrated 
that the number of papers published has increased 
annuallj in some particular progression The com- 
mittee 18 inclined to the view that the numbers of 
publications have little to do with the advance- 
ment of phj Biology, but that the kinds of publica- 
tions may be important 

Current research is largelj conceived in terms of 
"papers” each ten pages in length Somehow this 
tjpe of report has evolved, it represents the 
median effort of phjsiologists The point we wish 
to make is that the tjqie of report now wags the 
tj pc of research Whether this fact is beneficial or 
not for the state of phj siology is difficult to judge 
Instead of judging, we can picture some possible 
alternatives 

A report states the results of what the inv'esti- 
gator conceiv es to be a complete decision of some 
question or a comprehensive description of some 
process Completeness, of course, varies with the 
individual and the topic Often the author of the 
report feels urgency to make his results known, 
often not Pressure to undertake some other study 
may lessen the completeness of the first one Let 
us now imagine a scientific regime in which every- 
one planned his work five jears ahead and was 
never deflected from his plans bj economic and 
geographical influences The result might be that 
much or most work would be reported in mono- 
graph form, for manj temperaments would allow 
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ordering of the mvestigalions so ilmt tliej ulti- 
mately formed a connected ^\holc Such a result 
uould make enormous diffcronces in the types of 
investigation undertaken, the forms of thinking 
used, the methods of observation apiiliod, and 
the insight of organisms attained It Mould be an 
extreme regime of individualistic research 

Again let us suppose that political nationalism 
gripped the w orld to the point m here no one w ished 
his Mork known outside his own count rj At the 
same time, transportation being quick and eco- 
nomical, all scientific results can be aired in group 
conferences Film copies of data and abstr icts m u 
be distributed the same daj that a conclusion has 
been reached Then scientific reporting would be 
much like w cather reporting Either no iiermanent 
record of the efforts of individuals would bo kept, 
or the individual’s contributions would be lost in 
some collective sjmthesis that would be continu- 
ously made by specialists in synthesis Thereupon 
the objectives in research would not iiuolvo indi- 
vidual credit but rapid socialized accumulation 
The character of scientific woik would incvitablj 
shift to that which can be done coopcrativelj but 
with little continuity in the mind of the individual 
Every aspect would have been explored in con- 
ference before the form of the synthesis had been 
published The regime would be an extreme of 
socialistic research 

These two examples indicate two trends m 
present-day phj siologj' Thej show that publica- 
tion is not merely a superficial manifestation of 
end results, a by-product of investigation, but is 
an integral part of all scientific effort Even the 
purest amateur is influenced by the possibilit}’^ of 
making a contribution, hence cf putting his con- 
clusions into permanent form 
It seems unlikely that the aims of science are 
served by merely burying results in a publication 
What will be done with the jueld from investiga- 
tions is a question that reaches far beyond the 
imtial stages of potential dissemination of printed 
words Somewhere in the social orgamsm may be 
found individuals who are not too preoccupied, to 
explore the connections of various fruits of re- 
search both with the theory of the umverse and 
w ith the practices of society 
Another direction in which publications them- 
selves are influential is m some of the relations of 
physiology with the public All publication implies 
that results are for the use of w hoever finds a value 
for them But publication can also be a vehicle 
that represents to the wade public that for which 
it is paying One respondent to the surxey ques- 
tionnaire remarked that “Physiologists are not 
capitalizing on the interest which laymen have in 
the human orgamsm and in ammals Public opi- 
mon and public support of physiological science 
would be increased at least 200 per cent if good 


popul inzi'fion wore carried on Public school 
iiisfniclion should bo a major part of a long term 
jirogram ’’ 

Exfnoiic knows th it it is more diffioiilt to writ" 
or spo ik for a jinjiular audionoc than for a spnop] 
izod But the ultimate support for scientific re 
search ind for its freedom of action depends 
largch upon thr tmubh thrt scientists take to 
broadcast to t\(r\on( an undr rst-’iiding of tlicir 
niotnes, tin ir methods, and their needs as well ns 
of their (11(1 r( suits (I’ernal, 1030) Organized 
efforts ere undoubtedh nreded in eaih field oi 
sdeiue to nniihasizt , giiidf, "iid rid this eflort 
Our own confusion in a fidd of j)h\siolog\ tint is 
unf mull ir to in is an inkling of how mcsninglcss 
the whoh of jihjsiologi cm be to the la\n'an 
EMdenth jdii siologists hia( much jet to do 
before the} ha\e ddnerid their product to the 
population of the world at 1 irge 

It IS incMtablc that in the future the forms of 
publication will influrnre both the nature of 
phjsiolopcal rose irch and the recognition of 
ph\siolog\ in general riicrcfore conscious efforts 
are continiioiislj, rerpnred to fit publications to the 
needs of scientists and of socIet^ 

Social faclori Questions of the utmost iininn- 
gin itive jirnctic ibilit\ arc foreseen in the next 50 
a cars The most generd one is Will sociotj be 
modified in such aw i\ that it fa\ors or discourages 
effort in pin siolog\ ^ \nd v hat factors w ill fa\ or 
such olford Intellectual factors will largch de- 
pend, it max be supposed, upon success m educat- 
ing crcatixenes® The genetic"!!} endowed indi- 
xodiials will be found md encouraged Vie now 
think that encouragement comes from contact 
with original and talented minds, from freedom oi 
choice of "ctnitics, and from incentives both 
moral and economic 

Better than dexising i ne"t pattern for the 
future of pin siolog} w ould seem to be the exercise 
of imaginatne foresight in dnmrse situations as 
they arise The prix ilcge of planmng for the future 
IS one that continues, and hence must be kept from 
fixit} In an age w hen social sccurit} seems to 
many the greatest asset in any job, physiologists 
•must plan for seciiritx But when competition m 
exploring the theorx of life, or in preventixm 
medicine, or in enx ironmental survival, seems 
most important to societ} , then physiologists 
must set their sights accordingly 

One guess is that ph} siology wall in 50 years be 
only incidentally a handmaiden to mechcine, to 
industry, and to agriculture In large part it wall 
be a science in its own right, a basis for a theory 
of society, a criterion of reasoning m everyday life 
This view IS not a phantasy, because the founda- 
tions of science will to all but a few top theonsts 
still be subconscious and therefore hourly useful 
Physiolog}’^ IS developing methods of dealing with 
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comploMtics lint mv\ sori-c mvn\ ‘sciouccs The 
mcntnl tninitiR obtninnWc in ])ln'nolop\ n)i\ nt 
tint time be no "better” tlnn tli it in lun other 
field of ende-wor, but it will be none the less bniic 
to nnn Moreotcr, the sttitude of iu\csti(;ation 
nn\ be uppermost in socictt, though Inrdh 
numcricilh so, and tint attitude ma^ over- 
shadow the facts and applicntions of phvMologv 

Within this GO V car period great social und 
political questions will influence pin siologv Some 
specific questions will bo decided cither for or b\ 
plnsiologists These are W ill a career in plnsiolo 
peal rc'carrh be socialh row irding’ W’lll tlic 
individual choose his own career and his own 
diih activities’ Will pin siologv be a science or a 
tec! nologj? Will pin siologv be supported chicflv 
bv governmental means or bv other organized 
units’ Whll science dominate or be subscrv lent to 
the material facilities used bv it’ Will it bo drudg- 
erv ’ W ill it hav c satisfv ing spiritual v alucs as vrcll 
as economic values’ W'lll it continue to turn back 
to societv enough results to compete with the re- 
turns from other social investments’ Evidentlv 
the vasion of phvsiologists mav adviscdlv keep 
ahead of the vasion of all others w ho w ould like 
to decide some of these questions without con- 
sulting phjsiolopsts 

SLvntvRV Everj pin siologist at some time asks 
himself how we come to be doing what we do The 
answer from historj is that our actnaties have 
ev olv ed largclj bv accident Todav 's recognition 
of phvsiologj as a profession is a bv product of a 
particular political and economic system, which 
happened to furnish a golden opportumtv for our 
science Todaj it is no longer ncccssarv that all 
outlooks be dictated bv accident Perhaps now we 
are limited chieflj bv our dearth of concepts — 
concepts about life processes, about methods of 


svnlhosis of facts, or about quantitative measure 
nients One task of scientists is to keep their 
concepts out of ruts, tlicj nlwavs need alternative 
views, a varictv of working bjpolhcscs More 
concepts multiph scientific endeavor, if for no 
other re ison than their mere \ anetj In the past it 
has not proven verv fruitful to have special indi- 
viduals as visionaries, hence it setms hkcl> that 
most investigators will have to entertain un- 
orthodov hjpotheses with increasing frequency 
and with greater conscious effort W'hat phjsiolo- 
gists undertake tho> gciicralh accomplish, their 
undert ikings can well he still more venturesome, 
their V entures dciicnd on more v ancty of concepts 
Phvsiologj has had its successive frontiers The 
first frontier was concerned to find out how living 
organisms do what thej do It lasted from pre- 
historic tunes and had its hcvdaj in the seven- 
teenth to nineteenth centuries The second 
frontier was concerned to secure recognition for 
phj siologv ns a science and as a profession It 
began to demand recognition in the eighteenth 
centurj with Boerhnave and Haller, and secured 
Its place in the medical sciences The claim for 
recognition is still going on in the gradual spread 
of phjsiologj outside of medicine The third 
frontier is concerned to embodv its materials into 
a sjstcniatic science It accepts the cvistence of 
facts, methods, and subject matter, and asks 
W'hat shall we do with them’ It says So what’ 
Is phvsiologj a hedge podge or an edifice’ Are 
there pnnciplcs and generalizations, or onlj facts 
with no further meaning’ Just now we are in an 
age where the third frontier has all the challenge, 
it has the disappointments and allurements that 
met those other pioneers, our predecessors There 
arc more frontiers over the horizon, tomorrow we 
have new lands to evplore, and new hopes 


GEXER VL CONCLUSIONS 


Some of the findings about plij siologj in North 
Amenca may be summarized Each invates thought 
and action on the part of all members of the pro 
fession and its friends 

(1) Physiologj has alreadj proven itself an 
independent science requmng specific methods of 
studj and special concepts It is m process of 
winmng its independence outside of medicine, 
as botany once did It has also demonstrated use 
ful applications to several technical fields of 
endeavor 

(2) Physiology is represented bj about a thou- 
sand individuals m North Amenca Most of this 
number devote onlj 40 per cent of their time to 
investigation Probablj less than half of those who 
by first choice identifj themselves with this 
science belong to the \mencan Physiological 
Society 


(3) The greatest expansion of phjsiologj m 
North Amenca occurred 15 to 20 jears ago Since 
then Its rate of gain of entrants has diminished 
and during war II has decreased The estimated 
deficit of entrants into the profession during 
the war jears already amounts to at least 150 
individuals 

(4) Phj Biologists have in the past decade en- 
tered their profession at the rate of about 40 per 
jear The posts that they are filling were designed 
in a penod w hen those above 40 v ears of age wero 
a small fraction of the whole profession Todaj 
half of phj Biologists have attained that age 

(5) Talent m investigation has been drained 
away from phj Biology into other activities where 
utilization of that peculiar talent has not been 
fully exercised 

(6) Research in physiologj tends to be stereo- 
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typed Factors in this situation arc (a) tlio pre- 
vailing belief that philosophical views do not 
concern research, (b) the aim foi quick results, 

(c) the consciousness of impending publication, 

(d) the believed need for approval of others who 
will not devote time sufficient to evaluating radical 
depaiturcs, and (c) the fact that administrative 
abilities arc encouraged by our present economic 
system above intellectual ones 

(7) Professional unitj docs not extend to all 
physiologists, since iiipioximatclj onlj' jicrsons 
interested in the processes of x’crtcbratc animals 
apply the term to themselves Phjsiologj has 
satisfactorily filled only one niche (medical phjs- 
lology) of the possible niches available to it 
Workers in phj siologj w ho have no doctor’s degree 
do not vet count themsehes as belonging to a 
group (compare with chemist rj) 


(8) The tendenej to formation of rc“carc}i teams 
has diminished the freedom of thought and action 
of younger phj Biologists 

(0) Plijsiologj has not jit been sueecssful m 
convex ing to the publu an understanding of its 
capacities and needs Intcriiretation to the laj 
man of the methods and objectues of diseovcrv 
IS 1 u king 

(10) MonfXs«ii'nt for plij smlogieal reseireliin 
North VmerKa vre estimatid at about 3 million 
dollars jar xcar "I hi*- amount is judged to be a 
‘-mall fi act ion of the amount that could jield 
niereh a direelh jirofit iblr return m the present 
economic world Tdhnieal lidji and freedom from 
routines are thi itfins most immcdiatel} lacking 
111 rescireli aitixitics 

(11) Correspondiiiglj , onlj an infinitcsimallj 
sm ill fraction of the rtekoned possible aspects 
anti processes of org inisms have jet been studied 
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REPORTS SUBMITTED BY SECRETARIES OF THE CONSTITUENT SOCIETIES 

AMERICAN SOCIETY FOR PILIRM VCOLOGY 'VND EXl’ERLAIENTAL 

THERAPEUTICS, INC 


Minutes of the mciltuff of the Soctcli/ 

1040 

Tile first rcgiilir busmens meeting nns liekl on 
Tucefinj, Mircb 12 it 7 10 pm in Coiucntion 
H^ll, Mhntic Citj , Now Icrsc^ President D F 
Nelson presided 

Dr L M K Gelling rend tbe resolution pre- 
pared on Dr Herbert 0 Cahorj , nnd Dr Arnold 
\lelcli read the resolution prepared on Dr V 1^ 
Henderson Both were accepted 

The following council recomniendations wore 
presented 

1) That the per nienibcr nsscssmcnl per jear to 
support the office of the Federation Secrotnrj- 
Treasuror nnd the Federation Proceedings 
be $2 00 

It w as nio\ cd to accept this reconiniendntion, it 
w os seconded and the motion w as earned 

2) That retired members pa\ the Federation as 
scssnient of $2 00 per a ear if thoj wish to recene 
the Federation Proceedings 

It was moved to accept this recommendation, it 
was seconded and the motion w as earned 

3) That the exemption from pajonent of dues 
extended to members m the Armed Forces be dis- 
continued as of this fiscal j car 

Itwasmoxed to accept this recommendation, it 
was seconded and the motion w as earned 

4) That the Societj express its enthusiastic ap- 
proval of the purposes of the Societ> for Medical 
Research and w ill recommend further action w hen 
the most effective means of assistance become evi- 
dent, and that it also endorses most heartily the 
activities of the Friends of Medical Research 

It was voted to accept this recommendation, it 
was seconded and the motion was earned unan- 
imously 

It was moved that the members be given an op- 
portumtj to make personal financial contnbutions 
(through the treasurer of our societv) to the 
Society for Medical Research This motion was 
seconded and then unanimously earned 

The president announced that the next meeting 
of the Federation would be held in Chicago, the 
week of May 18, 1947, at the Stevens and other 
hotels as the guests of the University of Illinois 

The Amendments to the Constitution and By- 
Laws were brought up and discussed 

It was moved, seconded and approved that the 
revision of Article III, See 1 and 2c be reworded 


and submitted to ti vote at the second business 
iiieelilig 

Ihe revision of Bv law 1 as moved, seconded and 
earned is ns follows 

“Papers to be read shall be submitted by mem- 
bers of the Society to tlie Sccretan who, with the 
President shall be empowered to irrangc the pro- 
gram No person may orally' present more than one 
paper In case of joint authorship the name of the 
individual w ho w ill orally present the p ipcr shall 
stand first Papers not read sh il! appear on the 
program ns read by title ” 

The treasurer read his report Drs Roth and 
A an Winkle were appointed auditors 

The report of the Editor in Chief was read by 
the President It was mov cd that the report be ac- 
cepted, seconded and the motion was carried 

The election of officers was next hold The fol 
lowing officers were elected President, M H 
Seevers, Vice-President, H B van Dyke, Treas- 
urer, Mclxeen Cattcll, Secretarv, H B Haag 
Membership Committee C M Gruber Council 
Hamilton Anderson, J C Ixrantz Nominating 
Committee K Ix, Chen, Chairman, Alfred Gil- 
man, P F Ivnoefel, Carl Pfeiffer, Robert 
Woodbury 

It was moved, seconded and carried unan- 
imously that the local committee be given a vote 
of thanks for the success of this, the first post-war 
meeting 

The meeting w as adjourned at 9 30 p m 

The second regular business meeting of the 
Society was held on March 14, 1946, at 11 00 a m 
in Convention Hall Dr E E Nelson presided 

The twenty -three proposals for membership 
listed in the report of the 3rd Council Session w ere 
elected to membership 

It was moved, seconded and approved that Dr 
Woodbury ’s suggestion that the change m Article 
HI section I of the Constitution be dropped 

The rewriting of Article III section 2C w as sub- 
mitted as follows 

“Candidates reported upon by the Membership 
Committee to the Council may be recommended 
for admission by the Council only provided they 
have been approved by four-fifths of the combined 
membership of the Membership Comimttee and 
the Council ’’ 

It was moved, seconded and approved that this 
change be adopted 

The auditors reported that the Treasurer’s 
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accounts were in good older It i\ns moved to ac- 
cept the report of the Tieasuier Tlic motion \ins 
seconded and unanimouslv earned 
It vas moved that the dues for the conduct of 
the Society be continued at $2 00 foi the coming 
year, and that the dues for the Federation Assess- 
ment be $2 00 (total $4 00 per inembci per year) 
This motion vas seconded and earned unan- 
imously 

It M as moved by Dr Knoefel that a committee 
be appointed to consider further publications bj 
the Society, such as a Review , a Handbook and a 
ToMCology The motion was seconded, favorablj 
discussed and earned 

The meeting w as adjourned at 1 p m 

ANNUAL MEETING 

CHICAGO, ILLINOIS, MAY IS, 19, 20, 
21 AND 22, 1947 

The Federation will meet in Cliicago, May IS, 
19, 20, 21 and 22, 1947 Scientific aud business 
meetings will be held IMonday, Tuesdaj , Wednes- 
day and Thursday Sunda}' wall be devoted to 
Council and Executive Committee meetings and 
to registration In order to obtain hotel acconuno- 
dations it w'as necessary for the Local Committee 
to guarantee occupancy of the hotel rooms on 
Sundaj' night Since the scientific sessions begin 
promptly at 9 00 a m IMonday, earlj registration 
on Sunday is desirable 

All of the functions will be centralized in the 
Stevens and Congress Hotels This includes Feder- 
ation headquarters, registration, Joint session, 
section meetings, sjanposia, motion picture 
demonstrations and smokers Facilities for static 
demonstrations w ill be available at the University 
of Illinois on Tuesday afternoon and evening, the 
20th Programs and additional announcements w ill 
appear in the March issue of Federation Pro- 
ceedings 

Registration will open at 0 a m on Sunday, May 
18, at the Stevens Hotel Members of any of the 
constituent societies and interested physicians, 
students or w orkers in biological laboratories may 
register A registration fee of §3 00 will be 
required Admittance to the scientific sessions will 
be restricted to those who have registered Pro- 
grams, repnnts, and tickets to the smoker and 
special functions w ill be on sale at the registration 
counter 

Hotel Reservations are to be made by means of 
letters to the hotels as soon as possible The Local 
Committee has been promised the full cooperation 
of the Chicago Convention Bureau in securing the 
largest possible number of reasonably-priced 
rooms 


Deadline for Abstracts Ml abstracts of scientific 
papers and motion picture films must be rcccncd 
b^ the Secretaries of the indnitlual .Societu s on or 
before I ebruarg /L td'i7 "llegiilations for the 
Preparation of Mislracts” and instructions for 
ordering ii limits an giviii on pagi s ">tf)->ll 

Motion J’lctun s raniiot be sliown in the regular 
scieiitilic sessions llowcecr, a special section of 
the program w ill be organizefl for this purpose \r- 
rangements for prcsi ntnig a film should be made 
bj submitting to tlu Sceretarics of the individual 
Societies the title and abstract of the film in the 
same manner is for a paper In addition, the size 
of the reel and the length in minutes of the motion 
jiicture must be given The time and place for the 
presentation will appear in the regular program 
It w ill be nccessarv that someone familiar with the 
film bo iirescnt at its showing Sixteen milliineter 
safetv film onlv can be aliown and equipment for 
sound projection will be available 

An Informal Sinol cr is planned for Wednesdaj 
ev'cning, Maj 21 

Local Committee The meeting is sponsored by 
the Univ ersitj of Illinois in collaboration w ith the 
other universities and research and teaching in- 
stitutions of the Chicago arc i The Local Com- 
mittee includes Dr G E Wakerhn, Chairman, 
and Dr C C Pfeiffer, Sccretarj -Treasurer, and 
functions w ith the follow ing sub committee chair- 
men Registration — Dr C I Reed, Public In- 
formation — Dr R W Gerard, Hotel Accommoda- 
tions — Dr F I Mullin, Program and Scientific 
Meetings — Dr E A Ev ans, Iilotion Picture Ex- 
hibits— Dr W Van Winkle, Jr , Static Demonstra- 
tions — Dr H C Wiggers, Projection Service 
Dr R C Ingraham, Communication Service 
Dr Julius Sendrov , Jr , Entertainment — Dr L 
N Katz, and Women’s — ^Mrs C I Reed The 
committee and its officers solicit any pertinent 
suggestions which might aid them m their 
duties 

Communications relative to the static demon- 
strations or other arrangements for the scientific 
meetings should be addressed to Dr C C Pfeiffer, 
University of Illinois College of Medicine, 1853 
West Polk Street, Chicago 12, Illinois Inquines 
about special luncheons and dinners and other 
similar functions should be sent directly to Dr 
L N Katz, Michael Reese Hospital, 2900 Ellis 
Avenue, Chicago 16 

In order to facilitate registration, those attend 
ing the meeting may register in advance by mai 
up to and including May 15 Advance registrants 
should send registration fee and information 
(name, Chicago address, if known, home address, 
institution, whether full member, associate mem- 
ber or non-member, and constituent society o 



ANNUAL MEETING 


439 


membcr&hip or interest} to Dr C I Itced, Uni- 
\crsitj of llhnois College of Medicine, 1853 W 
I’olk St , Chicago 12 The ofTicml badge may bo 
claimed at a separitc desk at registration head- 
quarters 

The members of the l-cderalion in the Chicago 
area cordialh unite their MSiting colleagues to 
arrange to Msit them and the institutions with 
which thej arc associated while attending the 
meetings The Uiincrsitj of Illinois and the West 
Side Medical Center mai bo lasitcd on Tuesday 
afternoon and oiening during the time allotted to 
the static demonstrations 


DONALD RUSSELL HOOIvER 
1876-1946 

Dr Hooker's “elassmates” as to age and time in 
our Pin siological Society and our rcdcrntion, 
need not be told that in Dr Hooker’s passing we 
hai e suffered a a erv great loss \\ e agree, almost 
unanimousU , that Dr Ilussell Hooker w as one of 
the ablest and most dcaoted sonants of our 
science This renew and valuation is directed to 
the y ounger w orkers in our ranks It may be w orth 
their while to pause and ponder oa er the record of 
Dr D II Hooker 

Born in New Haaen, and reconing his pre- 
luninary education at 4 ale ( k B , M S ) and at 
Johns Hopkins Of D ), Dr Hooker became a 
member (Assistant- \ssociate Professor) of the 
Department of Phasiology at Johns Hopkins 
Medical School from 1906 till 1921 Dr Hooker 
thus became intimately associated with one of the 
groat leaders in \mencan Phy siology of the past 
generation, Dr It H Howell Dr Hooker’s per- 
sonal maestigations and publications during these 
years (circulation, respiration) point to Dr 
Howell’s influence and guidance 

When the Amencan Journal of Physiology was 
turned oi er to the Amencan Pliy siological Society 
in 1914 by its founder and editor. Dr W T Porter, 
Dr Hooker w as appointed Managing Editor of this 
Journal, wathout salary , by the Council of the 
Societi , and Dr Hooker sen ed as the Managing 
Editor of our Journal for the subsequent 32 years 
For most of these y ears he sen ed without salary or 
financial remuneration from our Societi or from 
the Journal Until the establishment of our Society 
of the Board of Publication Trustees in 1933, Dr 
Hooker and his Editorial Board for the Journal 
worked under the direction of and reported 
directly to the Council of our Societi I think it is 
fair to say (partly from personal experience) that 
both the Council and the Board of Publication 
Trustees w ere, in matters concerning the Journal, 


largely guided by Dr Hooker’s expenom e and 
recommendations 

Now, what are llio outstanding points in Dr 
Hooker’s services to the American Journal of 
Physiology? Thanks to the founder and original 
editor, Dr W T Porter, the Journal came to our 
Society in 1911 (with Volume 31), with excellent 
heredity and character It was at timt time almost 
self supporting, all the editorial work being 
done without financial remuneration Under Dr 
Hooker tlic Journal became not onli self support- 
ing, but llic source of a significant publication, 
rcscnc fund for the Society Tins fortunatedciclop- 
nient was due largely to Dr Hooker's perspicacity 
and persistent devotion Even througli the late 
depression our publication rcsenc fund did not 
suffer the loss of a single penny' 

The quality of scientific publications is, of 
course, the first responsibility of tiie miestigator 
reporting them But ns Managing Editor, Dr 
Hooker insisted on accuracy , clearness, and 
brciity He tried to be, he was, fair ind just to 
contributors He believed in, and ho practiced the 
democratic w ay of life ns editor In in\ experience, 
he never tried to sidestep the judgment of the 
majority of the Editorial Board as to individual 
authors and manuscripts He w as not a dictator, 
he was a leader through liis intelligence, Ins in- 
dustry and Ins devotion to our science 

In 1919 the Amencan Physiological Society 
started the Physiological Revtcus, an annual publi- 
cation, largely on the wise plan and broad scope 
worked out by Dr Hooker Dr Hooker was ap- 
pointed Managing Editor, aided by an Editonal 
Board, and he served m that capacity (for most of 
the y cars w ithout salary ) until Ins death this y ear 
The scientific, educational and financial record of 
the Physiological Reviews to date weowe inalarge 
measure to Dr Hooker He displaved the same 
mental capacity and character here as he had 
abundantly proven as Managing Editor of the 
Journal Again, Ins Editonal Board appointed by 
the Council and by the Publication Trustees, was 
not a "window dressing” Somehow Dr Hooker 
managed (perhaps largely through his own ex- 
ample) to secure significant services from most 
members of his editorial boards 

As the Secretary of the Physiological Society, I 
became in a w ay the first secretary of the Federa- 
tion of Amencan Societies for Expenmental 
Biology for its first meeting m 1912 As regards the- 
Federation, 1912 was the year of small beginnings 
In 1935 our Federation had reached such a size 
that a permanent secretary was clearly needed 
Dr Hooker was selected for that post and 
served as the efficient secretary and the editor of 
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our Proceedings till iv few months before liis 
deatli 

This IS a brief outline of Di lIooKci ’s services to 
our science Di Hooker, as I knew liim, w is the 
last man to claim the stature of a suiicrman I liavc 
not said that he never made a mistake, tliat e\en 
in his earlier years his judgment was entirel} im- 
mune to personal preferences But I have cliccked 
m 3 own evaluation of the services of oui deiiarted 
colleague with many senior members of wide e\- 
periencc ind known for objective imivirtiality 
One of these men w rites me “I knew Dr Hooker 
intimately the last fifteen 3 ’c irs A finer diaiacter 
I have never met Being an editor was his wa\ of 
serving science PIis fine devotion w is p irt of his 
own nature ” In 1937 Dr C W Greene wrote "It 
has required long 3 ears of meticulous and patient 
work to plan and perfect the coordinations be- 
tween the editorial boards, The Managing Editor 
and the Council ncccssar 3 '’ to establisli our high 
publication standaids Throughout these years 
Dr Hooker has given his scientific and editorial 
judgment as a labor of love for the cause of jihy'si- 
ology” (History^ of Vm Phy siol Soc , 1938, p 99) 
One colleague w rites "There have been criticisms 
of the Journals policies but hen the critics in- 
vestigated they came aw ay to praise The^ found 
that no one was more considerate of the authoi’s 
rights than Dr Hooker himself ’’ 

Very early in our association in the Phy'siologi- 
cal Society’s woik I perceived that Dr Hooker’s 
social conscience leavened his thinking and plans 
If a man’s social responsibilities parallel his un- 
derstanding of man and nature, that responsibility 
on the part of a biologist is veryq very great Dr 
D II Hooker tried to measure up to it 
The fact that the days of “blood, and sweat and 
tears’’ m the history^ of our Jouinal of Physiology 
had been weathered by Dr W T Porter* when 
Dr Hooker took the helm in 1914 does not lessen 
Dr Hooker’s services to our science Our Society 
and our Federation are e\tremely fortunate in 
having had, from their beginning, such leaders in 
our scientific publication projects, men with the 
ability, the vision, the industry^ and the unselfish 
devotion to our science, two such colleagues as 
Dr W T Porter and Dr D R Hooker These tw o 
men, on their record, deserve from us a monument, 
the living monument suggested by a great teacher 
of the distant past (Luke, X, 37) “Go, and do 
thou likewise ” 

A J Carlson 


* See W H Howell History of the American 
Physiological Society, pp 78-83 


EXECUTIVE COMMITTEE, 1947 

WiLiAci O 1 inn,Maihi(i B it, The 

l’li\ siolngK al S(K If ly 

V Baiuu llAsriNftS, Olid A Bi ssn , The Bio 

( Ik mu 111 Sfieir ti 

Mvluki H Si I MRS, H \n\ i \ B IIavo, The 
Pliarmiu ologu al Sof let s 
PiLi R CvNNON, 1 an i)\ S Roiisc in iT-RonniNS, 
1 lie P it liologif al So( k t \ 

\inmuH SMirii.II E C \uti a, flic Institute of 
Xiitritmn 

Miciivii Hi ID! I 111 aoi a, Vanina F Coca, The 
Vssni latioii of Immuiiohigists 

V Bmiid H\min(,s, Chnirmnn, Hanard Medical 

School, Boston ll, Mass 
Piiiiie B\ui), IJr Chnirmnn 
VViiiivM H Ciiwmias, Srcrrlani, Cornell Univ 
Medii al School, 1300 York Vveniie, Xcw York 
21, \ V 

STANDING COMMITTEES 

Dcfcnii of liwloqirnl Ur’unrch V C I\'i, Chair- 
man, K F Mrn a, Ei’Iiuum Siioan 
Inlcrnnlionnl Congrc'^’ir’t D W Bronk, Piitsi- 
o\ogi\ , Chnirmnn , V J C\ni son, Phy siologA , 
D D VvN Si AKP, Biochemistry , E K Mar- 
sh \i L, III , PharmacologA , Pfaton Rons, Pa- 
thology , L A Mvanard, Nutrition, J J 
Brompnrrpnnfr, ImmunologA 
Placement Sen ICC H B Li w is, Director 
Rcprc’tcnlatncs, Council /I I A iS G Philip 
GR vnnpLi), C Gli n King 
Federation Proceeding'!, Control CominiUce , Philip 
Bard, Chairman, PlnsiologA, C G King, 
Biochemist r\ , C F Sciiaiidt, Pharmacology , 
Morton McCltciieov, Pathology^, A H 
Smith, Nutrition, A P Locke, Immunology' 

FORMER EXECUTIVE COMMITTEES 

Philadelphia, Dec 28-31, 1913 

S J Meltzer, Chairman, and A J Carlson 
Secretary, The Phy'siological Society A 
Macallum and P A Shaffer, The Biochemica 
Society T Sollaiann and J Auer, The Pharma- 
cological Society 

St Louis, Dec 27-30, 1914 

G Lusk, Chairman, and P A Shaffer, Secre- 
tary, The Biochemical Society T Sollman an 
J Auer, The Pharmacological Society R 
Pearce and G H Whipple, The Pathological 
Society W B Cannon and A J Carlson, The 
Physiological Society 

Boston, Dec 26-29, 1915 

Torald Sollmann, Chairman, and John Auer, 
Secretary, The Pharmacological Society Theo- 
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nvLD Smith uul PriTON Rots, The PtUhologicnl 
Societ\ W B CwNONnudC GRlI^^,Thc 
Pli\ biological Societ\ \\ \ithi Iom s and P V 
SiuFFFu, The Biochemical Societx 

Ncm lork, Dec 27-30, 1910 

Simon FirNNEU, Chairman, and Pi\tq\ Rous, 
•Sccrc/nri/, Ihe Pitliological SocieU W B Ckn- 
NON and C M GnrtM , The Plnaiologicd So- 
ciet\ M vLTFii loNFs and Stvnu \ R Bi nfdict, 
The Biochemical Societa Bun Hunt nnd I 
Aten, The Pharm icological Societi 

Minncapolis-Rochestcr, Dec 27-29, 1917 

rntDFinc S Lti , Chairman, and Ciuniis W 
GnFFNF, Sccretani, The Plusiological SocicU 
Ctnt L Atsnrnr nnd STtMFt R BLMD!CT,The 
Biochemical Socicta Run Hunt nnd L G 
Romntiife, Ihc Pharmacological “^ocicU Lur> 
\ic Hektoin ind lion tnn T Kvrsnfr, The 
Pathological Socictj 

BnUimorc, April 24-20, 191S 

CuiL L \LbBcnG, Chairman, and Stvnlef R 
Benedict, Sccrctan/, The Biochemical Society 
Reid Hunt and E D Buon n. The Pharmacologi- 
cal Societi H Gideon V eli s nnd Hom tiiD T 
ICarsner, The Pathological Societi FnEDEnic S 
Lee and Ciurles M Greene, The Phj siological 
Socicti 

Cincinnati, Dec 29-31, 1919 

A S Loeienhart, C hairniaii andE D Broun, 
Secretary, The Pharmacological Socictj W G 
M NcC AEEUM and Hom ard T K nrsn er, The Path- 
ological Societj Warren P Lome nrd and 
Crarees W Greene, The Pin aiological Societj 
Stanlet R Benedict and Victor C Mters, The 
Biochemical Society 

Chicago, Dec 28-30, 1920 

V ILLIAM H Park, Chairman, and Hon ard T 
Karsn'er, Secretary, The Pathological Society 
Warren P Lombard and Charles W Greene, 
The Physiological Society Stanley R Benedict 
and Victor C Mters, The Biochemical Societj 
A S Loevenhart and Edgar D Brown, The 
Pharmacological Societj 

New Haven, Dec 28-30, 1921 

J J R AIacleod, Chairman, and Charles \V 
Greene, Secretary, The Phj siological Society 
D D Van Sltkb and Victor C Mters, The 


Biochemical Socictj C W Edmunds nnd Edgar 
D Broun, The PliarmncologionI Socictj F G 
Now and Wadi II Brown, The Pathological 
Socictj 

Toronto, Dec 27-29, 1922 

D D Van Siakf, Chairman, and Victor C 
Miirs, Sccrctari/, ThoBiochcmicalSociety C W 
Edmunds and Edgar D Brown, The Pharmaco- 
logical Societi Howard T Karsnlr and Wade 
H Brown, The Pathological Socictj J J R 
Macieod and Crarlls W Grefnf, The Phjsio- 
logical Societj' 

St Louis, Dec 27-29, 1923 

C W Edmunds, Chairman, and Edgar D 
Brown, Secretary, The Pharmacological Society 
E L OriE and Wade H Brown, The Pathological 
Socicti V. J Carlson and Charles W Greene, 
The Phj Biological Socictj Pniup A Shaffer and 
Victor C Miers, The Biochemical Societj 

B nshington, Dec 29-31, 1924 

AldRed S IVarthin, Chairman, and E B 
KnuMcn aar, Secretary, The Pathological Societj 
A J Carlson and IV ALTER J Meek, The Phj'sio- 
logical Societj P A Shaffer and D Wright 
Wilson, The Biochemical Society John Auer 
and E D Brow n, The Pharmacological Societj 

Clci eland, Dec 28-30, 1925 

A J Carlson, C/iairman, and Walter J Meek, 
Secretary, The Physiological Society H C Sher- 
man and D Wright IVilson, The Biochemical 
Societj John Auer andE D Brown, The Phar- 
macological Society George H Whipple and B 
B Kbumbhaar, The Pathological Society 

Rochester, N Y , April 14-16, 1927 

E C Kendall, Chairman, and F C Koch, 
Secretary, The Biochemical Societj John Auer 
and E D Browts, The Pharmacological Society 
W H Brow n and E B Krumbhaar, The Patho- 
logical Society J ERLANGBRandW J Meek, The 
Physiological Society 

Ann Arbor, April 12-14, 1928 

Carl Voegtlin, Chairman, and E D Brow'n, 
Secretary, The Pharmacological Society David 
Marine and Carl V Weller, The Pathological 
Society Joseph Brlanger and Walter J 
Meek, The Physiological Societj E V McCol- 
lum and D Wright Wilson, The Biochemical 
Society 
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Boston, '’Aug 1^19-24,4929 £ 

{The Xllllh Intcrnalional 
Physiological Congress) 

ED■^^AI^D B IvnUiMBiiAAn, Chairman, nncl Caul 
V Weller, Secretary, The Pathological &ocicf\ 
Joseph Erlanger and Waiter J The 

Phj'siological Societj E V McCollum and D 
Wright Wilson, The Biochemical Socictj Carl 
V oEGTLiNandE D Bromn, The Pharmacological 
Society 


Chicago, March 2G-29, 1930 

Walter J Meek, Chairman, and Aifrld C 
Redfield, Secretary, The Ph 3 ’ 6 iologicnl Socict 3 
W R Bloor, and Homard B Lewis, The Bio 
chemical Society Carl Voegtiin and E D 
Brow'N, The Pharmacological Socict 3 Wiliiam 
F Petersen and Carl V Weller, The Patho- 
logical Society 

Montreal, April 8-11, 1931 

W R Bloor, Chairman, and II B Lewis, 
Secretary, The Biochemical Society George B 
Wallace and E D Brown, The Pharmacological 
Society Frederick L Gates and C Phillip 
Miller, The Pathological Societ 3 ' Walter J 
Meek and Arno B Luckhardt, The Ph 3 'siological 
Society 


Philadelphia, April 27-30, 1932 

George B Wallace, Chairman, and V E Hen- 
derson, Secretary, The Pharmacological Societ 3 ' 
Samuel R Hatthorn and C Phillip Miller, 
The Pathological Society Walter J Meek and 
Arno B Luckhardt, The Physiological Societ 3 ' 
H C Bradlei and Howard B Lew is. The Bio- 
chemical Society 

Cincinnati, April 10-12, 1933 

Peiton Rous, Chairman, and C Phillip AIil- 
lEr, Secretary , The Pathological Society Arno 
B Luckhardt and Frank C Mann, The' Physio- 
logical Society H C Bradley and Howard B 
Lewis, The Biochemical Society Wm deB Mac- 
Nider and V E Henderson, The Pharmacologi- 
cal Society 

New York, March 28-31, 1934 

Arno B Luckhardt, Chairman, Frank C 
IHann, Secretary, and Alexander Forbes, Treas- 
urer, The Physiological Society W M Clark 
and H A Mattill, The Biochemical Society 
W deB MacNider and V E Henderson, The 
Pharmacological Society Carl V Weller and 
C Phillip Miller, The Pathological Society 


Detroit, April 10-13, 193'> 

W M Cl \nu. Chairman,}) A A Iattii r , 5 ccrc 
tary, and C H Fi'-ki , Treasurer, the Biochem- 
ical .Socicf 3 CuAULi a W Giui M and Frank 
C Mann, Tim Pliysiologicnl Socict 3 R A 
Ha’iciii R and H M K Gi n ino, Tlic Pharmaco 
logical iSociLt 3 S Blrt Woibach and Shifids 
Warri n, Tlio Pathological bocicti 


^^nshlngton, March 2."i-28, 193G 

V E III NDi itaoN, C'/ioinaaii, H M K Giiiing, 
Secretary, and C M Grliii r. Treasurer, The 
Pharmacological Society Frank C Mann and 
Vndri w C I\v, The Ph 3 Biological Socict} H 
B Li w IS and H A I^Iattili , The Biochemical 
Socict 3 Oskar Kiot? and Shifids IIarren, 
The Pathological Socict 3 


Memphis, April 21-2-1, 1937 

Ai PiiONSi R Dociif 7 , Chairman, and Shields 
'Warren, The Pathological Socict 3 Franti C 
Mann and Andriw C Im, The Ph 3 siological 
Socict 3 Howard B LiwisandH A Mattill, 
The Biochemical Socict 3 V E Henderson and 
E M K Gfiling, The Pharmacological Socict 3 
D R Hooker, Secretary 


Baltimore, March 30-ApriI 2, 1938 

William T Portfr, Honorary President; 
\Valter E Garrei, Chairman, and Andrew C 
I\\, The Ph 3 Biological Socict 3 Glen'N E Cul- 
len and H A Mattii i , The Biochemical Society 
Arthur L Tatum and G Philip Grabfield, The 
Pharmacological Socict 3 C Phillip Miller and 
Paul R Cannon, The Pathological Societ 3 '' D- 
R Hookfr, Secretary 


Toronto, April 2G-29, 1939 

Glenn E Cullen, Chairman, and Charles G- 
King, The Biochemical Socict 3 Arthur L 
Tatum and G Philip Grabfield, The Pharmaco- 
logical Society C Phillip Miller and Paul R 
Cannon, The Pathological Socict 3 ' Walter E- 
G4.RRE1 and Andrew C Ivi, The Ph 3 Siological 
Society D R Hooker, Secretary 


New Orleans, March 13-16, 1940 

E M K Geiling, Chairman, and G Philif 
Grabfield, The Pharmacological Society Ernesf 
W Goodpasture and Paul R Cannon, The 
Pathological Society Andrew C Ivy and Philif 
Bard, The Physiological Societ 3 ’’ William C 
Rose and Charles G IGng, The Biochemical 
Society D R Hooker, Secretary 

Chicago, April 15-19, 1941 

Shields Warren, Chairman, and H P Smith,. 
The Pathological Society Thorne M Carpenter 
and L A Maynard, The Institute of Nutrition- 
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A\T>nm C I\\ nndPniurBMiD, ThoPhjsiologi 
cil Sociol\ WiLUAM C Bose nnd CuAnu s G 
Kivo.Tho Biochomicil SocicU E M K GriuNa 
and G Pmnr Guadheed, Tho Pharmacological 
Socicta D R HooKrn, Secretary 

Boslon, ISIarchSl, Aprd 1, 2, 3, 4, 1912 

AtiUrnT G Hogan, Chairman, and Anriiun II 
Smith, The Institute of Nutrition Pmnr Baud 
andCtni J Migoehs, Tho Phjsiological Socictj 
RuDOLru J ANDinsoN and Aunoed K Bvees, 
The Biochemical Society E M K Gfiiino and 
R N BiETcn, Tho Pharmacological Socictj 
Jessi L Boelman nnd II P Smith, The Pntho 
logical Socicta Suieeds Waruen, Cx Chairman 
D R IIooKEn, Secretary 

1913, 1914 ion The meetings scheduled for 

Cleveland Mere cancelled because of Mar 
conditions 

PniEirBARD, Chairman, and W aeeace O^Pens, 


The Phjsiological Society E A Dois\ and 
ArnOEd K Baees, The Biochemical Society E 
K AIaustiaee, Jn and Rat mono N Bieter, Tho 
Pharmacological Society Baiduin LuckI. and 
11 P Smith, The Pathological Society Leonard 
A IiIav NAUD and Arthur H Smith, Tho Institute 
of Nutrition Jacques J Bronfenbrbnneu nnd 
Arthur P Coca, The Association of Immunol- 
ogists D R Hooker, Secretary 

Atlantic Cit>, Mar 11, 12, 13, 14, 15, 191G 

Piinip Bird, Chairman, Wviiace O Fenn, 
The Phjsiological Socictj' Baird Hastings 
nnd VunoidK Bales, The Biochemical Society 
EnniN E \i eson and Rat mono X Bieter, The 
Ph ifmacological Societ j B aldetn Leckb and H 
P '^MiTH, The Pathological .Society Wili iam C 
Rosf ind 11 E Carter, The Institute of Nutri- 
tion Iaqefs j Bronfenbrenser and Vrthur 
r Coca, The Vssociation of Immunologists 
I> B Hooker, Secretary 
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B\.L\BS 

Adopted at the JVashtnylon jMccltny, lOSQ and 
amended at the Boston ifceling, 19iS 

1 The Presidents nnd Secretaries of the Con- 
stituent Societies, the Chairman of tho E\ccutiAe 
Committee of the preceding j oar and the Federa- 
tion SecretarA shall form the Exocutne Com- 
mittee of the Federation 

2 The Chairmanship of the Executive Com- 
mittee shall bo held in turn bj the Presidents of 
the Constituent Societies, M-ho shall succeed one 
another annuallj in the order of senioritj of the 
Societies 

3 The Executive Committee shall appoint 
annuallj from the membership of the Federation 
a secretary-treasurer, to be known as the Federa- 
tion Secretarj 

4 The Federation Secretary shall (a) Keep 
the minutes of the Executive Committee and dis 
tribute copies to the Secretaries of the Constituent 
Societies (b) Make arrangements for the Annual 
Meeting Math the Local Committee, with the ap 
proval of the Executive Committee (c) Print in 
convement combined form nnd distnbute to the 
membership of the Federation the programs of the 
Constituent Societies as received from their re- 
spective Secretaries (d) Undertake such other 
duties, to be decided upon from time to time bj 
the Executive Committee, as do not conflict with 
the complete autonomj of the Constituent 
Societies 


5 Tho Executive Committee shall control all 
monies in tho hands of tho Federation Secretary, 
M ho shall make an annual report to the Executive 
CoRimittec for audit and approval The expenses 
of the Federation Secretary, as authorised bj the 
Executive Committee, shall be the first charge 
on such monies and if insufificient for the 
purpose the Executive Committee shall prorate 
such expenses to the Constituent Societies of the 
Federation in proportion to their respective mem- 
berships 

The Executive Committee maj appropnate 
Federation monies annuallv for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures shall be made and approved before 
such committees are discharged 

6 The Executive Committee shall determine 
the place of the Annual Meeting, and the time shall 
be determined by the Local Committee, preferablj 
MTtlnn the period of March fifteenth to May first 

7 The local Committee at the place of meeting 
of the Federation shall charge such fee for registra- 
tion as may be approved bj the Executive Com- 
mittee The momes thus collected shall be used 
to defraj the expenses of the Local Committee 
and the remainder, after such expenses have been 
met, shall be turned over to the Federation Sec- 
retarj 

8 The Executive Committee shall consider 
measures of advantage to the Federation as a 
whole Any Constituent Societj maj refer sum- 
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lar measures to the Executive Committee No 
action, however, shall be taken bv the Exccutuc 
Committee unless specifically authorired bj' nil 
the Constituent Societies 

9 The Chairman of the Executive Committee 
may appoint committees when the purposes of 
such committees have been approved bj all the 
Constituent Societies of the Federation Such 
committees shall be appointed for a term of one 
year, but may be continued and their members 
reappointed Such committees shall report in 
writing to the Executive Cominitlcc, which shall 
in turn report thereon to the Constituent Societies 
either for information or recommendation The 
Secretaries of the Constituent Societies shall 
report the recommendations of their respective 
Societies to the Executive Committee for final 
action 

10 All individuals whose names appear on the 
program by invitation or introduction and those 
registering from any recognized biological labora- 
tory may be enrolled as Associate Members of the 
Federation for that Annual Meeting Such Asso- 
ciate Members may enjoy all the privileges of the 
Annual Meeting except that of x'oting 

11 No person may present orally more than one 
paper during all of the scientific sessions of the 
Constituent Societies at the time of the Annual 
Meeting except upon invitation of the Executive 
Committee or a Council Papers must be sub- 
mitted to the Secretary of the Society of which the 
proposer is a member The proposer maj request 
transfer to another program, but this may only 
be done with the consent of the Secretary of the 
Society concerned Any Secretary w ho regards any 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of the Society con- 
cerned, if it be possible Such transfer shall be 
indicated on the program 


12 Abstracts not to exceed two hundred and 
fiftj' words in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the / dlrralion Pro 
cccdjng" 

13 A Control Committee, consisting of at least 
one representative of each Constituent Societv ns 
designated bj the several Councils, shall have 
editorial control over the I cdcrnlion Proceedings 
which shall be hnanecd as required bj an annual 
assessment of all the members of each Constituent 
Societv 

1 1 The Control Committee shall have power to 
choose certain additional papers presented at 
the Annual Meetings and from other sources, in- 
cluding material heretofore published in the 
Federation Yearbook, for publication in the 
Federation Proceedings 

PLACEMENT SERVICE 

The Federation maintains a service to act as a 
medium of communication between persons seek- 
ing positions for teaching or research and institu- 
tions that wish to fill vacancies in these sciences 

The service docs not undertake to recommend 
or to pass judgment upon applicants It aims 
mcrclj to serv'c as a clearing-house for such infor- 
mation as above stated and to bnng into touch 
with one another candidates for positions and 
vacancies to be filled 

Persons, whether members of the Federation or 
not, and institutions desiring to avail themselves 
of the service, ma> receive such information as is 
available wathout cost to the applicant 

All communications should be addressed to Dr. 
H B Lewis, Director, University of Michigan,. 
Ann Arbor, Mich 


THE AMERICAN PHYSIOLOGICAL SOCIETY 

Founded December 30, 1887, Incorporated June 8, 1923 


OFFICERS ELECTED 1946 

President— Wallace O Fenn, University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N Y 

Secretary — Mauhice B Visschek, University of 
hlinnesota, Minneapolis 
Treasurer — D B Dill, Harvard University 
Fatigue Laboratory, Boston, Mass 
Council — Wallace O Fenn, Maurice B 
VisscHER, D B Dill, Charles H Best, Uni- 
versity of Toronto, Canada, Hiram E Essex, 


Majm Foundation, Rochester, Minn , W F^ 
Hamilton, University of Georgia School of IMedi- 
cine, Augusta, H C Bazett, University of Penn- 
sylvania School of Medicine, Philadelphia 
Boarh of Publication Trustees — Andrew^ C Ivt, 
Chairman (1946-1949), Homer W Smith (1944- 
1947), Frank C Mann (1945-1948) 

Representative on the Division of Biology ond 
Agriculture of the National Research Council 
Francis O Schmitt (1945-48) 

Representative on the Division of Medical Sciences 



VMERICAN PHYSIOLOGICAL SOCIETY 


445 


oj llic Kalional Ihscarch Council— ll C Ba7ftt 
{1911-47) 

Rcprcscnlalnc on Ilia Council of the Uncrican 
\ssoctalton for the A4i anccmcnl of Science — Da\ i» 
R R vrronT \\ ith C J B irot ns ns nUernate 
Hisfonan— B VI.TI n J Mfek 

PAST OFI ICCRS 

Organication Meeting, December SO, 1SS7 
S Weir Mitciu ll, President 
H N llAnTiN, Secretary 
ISSSII P Bowditcii, President, H N Martin, 
Sccretnr\ -Trensurer, J G Curtis, H C Wood, 
H Ser ALL, Councilors 1889 S Y eir Mitciifli , 
President, II 1C Martin, Socretarj -Treasurer, 
H P BowDiTcn, J G Curtis, H C IVoods, 
Councilors 1890 S IVeir Mitchell, President, 
H X AIartin, Sccrctnr\ -Treasurer, H P Bow- 
ditch, J G Curtis, H H Don aldson. Counci- 
lors 1891 H P Bow DITCH, President, II N 
ALartin, Sccrctan -Treasurer, R H Chittenden, 
J G Curtis, H N Donaldson, Councilors 
1892 H P Bow ditch. President, H X Martin, 
Secrctarj -Treasurer, R H Chittenden, J G 
Curtis, Y H How lll, Councilors 1893 H P 
Bowditcii, President, Y' P Lomd ard, Socrctarj - 
Treasurer, R H Chittenden, J G Curtis, 
W H Howell, Councilors 1891 H P Bow- 
ditch, President, Y'' P Lombard, Secretary- 
Treasurer, R H Chittenden, Y' H Howell, 
J W Y^arren, Councilors 1895 H P Bow ditch. 
President, F S Lee, Seoretar\ -Treasurer, R H 
Chittenden, Y^ H Howell, Y' P Lombard, 
Councilors 1S9G R H Chittenden, President, 
F S Lee, Secrctarj -Treasurer, H P Bow ditch, 
Y H Howell, J Y"^ Y’arren, Councilors 1897 
R H Chittenden, President, F S Lee, Secro- 
tarj -Treasurer, H P Bow ditch, W H Howell, 
W P Lombard, Councilors 1898 R H Chitten- 
den, President, F S Lee, Secre tar j -Treasurer, 
H P Bowthtch, W H Howell, Y"^ P Lombard, 
Councilors 1899 R H Chittenden, President, 
F S Lee, Secre tar j -Treasurer, Y^ H Howsbll, 
W P Lombard, W T Porter, Councilors 1900 
R H Chittenden, President, F fe Lee, Secre- 
taT> -Treasurer, W H Howell, W P Lombard, 
W T Porter, Councilors 1901 R H Chitten- 
den, President, F S Lee, Secretary-Treasurer 
W H Howell, W P Lombard, W T Porter, 
Councilors 1902 R H Chittenden, President, 
F S Lee, Secretarj -Treasurer, Y' H Howell, 
W P Lombard, W T Porter, Councilors 1903 
R H Chittenden, President, F S Lee, Secre- 
tarj -Treasurer, W H Howell, Y’' P Lombard, 
W T Porter, Councilors 1904 R H Chitten- 
den, President, W T Porter, Secretary- 
Treasurer, F S Lee, W P Lojibard, W H 
Howell, Councilors 1905 W H Howell, 


President, L B Mendel, Secretarj , W B 
Cannon, Treasurer, R H Chittenden, S J 
Meltzer, Councilors 190G W H Howell, 
President, L B Mendel, Secretary, W B Can- 
non, Treasurer, A B Macallum, S J IiIeltzer, 
Councilors 1907 W H Howell, President, 
L B Mendel, Secretary, W B Cannon, Treas- 
urer, J J Abel, G Lusk, Councilors 1908 W 
H Howell, President, R Hunt, Secretarj, 
Y' B Cannon, Treasurer, J J Abel, G Lusk, 
Councilors 1909 Y^ H Howell, President, 
R Hunt, Socrctarj , W B Cannon, Treasurer, 
A J Carlson, W P Lombard, Councilors 
1910 II IIowEiL, President, A J Carlson, 
Secretarj , Y' B Cannon, Treasurer, J Er- 
LANOCR, F S Lee, Councilors 1911 S J Mblt- 
ZER, President, A J Carlson, Secretary, W B 
Cannon, Treasurer, J Erlanger, F S Lee, 
Councilors 1912 S J Meltzer, President, A 
J Carlson, Secretarj , W B Cannon, Treasurer, 
J Erlanger, F S Lee, Councilors 1913 S J 
Meltzer, President, A J Carlson, Secretary, 
J Erlanger, Treasurer, W B Cannon, F S 
Lee, Councilors 1914 W B Cannon, President, 
A J Carlson, Secretary, J Erlinger, Treas- 
urer, F S Lee, S J Meltzer, Councilors 1915 
Y' B Cannon, President, C Y' Greene, Secre- 
tarj , J Erlanger, Treasuror, W E Garret, 
W H Howell, J J R Macleod, W J AIeek, 
Councilors 191G W B Cannon, President, C 
\Y Greene, Secretary, J Erlanoer, Treasurer, 
Y’’ E Garret , W H Howell, J J R Macleod, 
W J Meek, Councilors 1917 F S Lee, Presi- 
dent, C Y^ Greene, Secretary, J Erlanger, 
Treasurer, W B Cannon, W H Howell, J J 
R Macleod, Y'^ J Meek, Councilors 1918 F S 
Lee, President, C W Greene, Secretary, J 
Erlanger, Treasurer, Y'' B Cannon, W H 
How ell, J J R iMacleod, W J Meek, Coun- 
cilors 1919 W P Lombard, President, C W 
Greene, Secretary, J Erlanger, Treasurer, 
W B Cannon, Y Henderson, J J R Macleod, 
W J Meek, Councilors 1920 Y^ P Lombard, 
President, C Y^ Greene, Secretary, J Er- 
langer, Treasurer, W B Cannon, J J R 
Macleod, Y Henderson, C J Wiggers, Coun- 
cilors 1921 J J R Macleod, President, C W 
Greene, Secretary, J Erlanger, Treasurer, J 
A, E Etster, Y Henderson, C J Wiggers, A 
J Carlson, Councilors 1922 J J R Macleod, 
President, C W Greene, Secretary, J Er- 
langer, Treasurer, Y Henderson, C J Wig- 
GBRS, A J Carlson, J A E Etster, Coun- 
cilors 1923 A J Carlson, President, C W 
Greene, Secretary, J Erlanger, Treasurer, 
C J Wiggers, A B Luckhardt,J A E Etster, 
J R Muhlin, Councilors 1924 J Carlson, 
President, W J Meek, Secretary, C K Drinker, 
Treasurer, A B Luckhardt, J A E Etster, 
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J R Murlin, W E Garrei, Councilors 1925 
A J Carlson, President, W J Meek, Sccrel'iry, 
C K Drinker, Treasurer, J A E Eistfr, J R 
Murlin, W E Garrei, Joseph Erlanger, 
Councilors 1926 J Erlanger, President, W J 
Meek, Secretary, A Forbes, Treasurer, J R 
Murlin, W E Garrei , A B Luckiiardt, C J 
WiGGERs, Councilors 1927 J Erlanger, Presi- 
dent, W J Meek, Secretary, A Forbes, Treas- 
urer, W E Garrei, A B Luckiiardt, C J 
WiGGERS, R Gesell, Couneilors 1928 J Er- 
langer, President, W J Meek, Sccrelarj , A 
Forbes, Treasurer, A B Luckiiardt, C J 
Wiggers, R Gesell, A J Carlson, Councilors 
1929 W J Meek, President, Alered C Redeield, 
Secretary, A Forbes, Treasurer, C J Wiggers, 
R Gesell, A J Carlson, J R Murlin, Coun- 
cilors 1930 W J IMeek, President, Arno B 
Luckhirdt, Secretary, A Fordes, Treasurer, 
R Gesell, A J Carlson, J R Murlin, E G 
Martin, Councilors 1931 W J I\Ieek, Presi- 
dent, Arno B Luckhardt, Secretary , Alexander 
Forbes, Treasurer, A J Carlson, J R Murlin, 
E G Martin, John Tait, Councilors 1932 
Arno B Luckhardt, President, Frank C Mann, 
Secretary, Alexander Forbes, Treasurer, E G 
Martin, W J Meek, J R Murlin, John Tait, 
Councilors 1933 Arno B Luckhardt, President, 
Frank C Mann, Secretary, Alexander Forbes, 
Treasurer, Herbert S Gasser, Ernest G Mar- 
tin, W J Meek, John Tait, Councilors 1934 
Charles W Greene, President, Frank C 
Mann, Secretary , Alexander Forbes, Treasurer, 
Herbert S Gasser, Arno B Luckhardt, W J 
Meek, John Tait, Councilors 1935 Frank C 
Mann, President, Andrew C Ivi, Secretary, 
Alexander Forbes, Treasurer, Charles H 
Best, Herbert S Gasser, Arno B Luckhardt, 
W J Meek, Councilors 1936 Frank C IMann, 
President, Andrew C Ivi, Secretary, Wallace 
0 Fenn, Treasurer, Charles H Best, Philip 
Bard, Herbert S Gasser, Arno B Luckhardt, 
Councilors 1937 Walter E Garret, President, 
Andrew C Ivi, Secretary, Wallace 0 Fenn, 
Treasurer, Charles H Best, Philip Bard, 
Herbert S Gasser, Arno B Luckhardt, Coun- 
cilors 1938 William T Porter, Honorary Pres- 
ident, Walter E Garrei, President, Andrew 
C Ivy, Secretary, Wallace 0 Fenn, Treasurer, 
Arno B Luckhardt, Charles H Best, Philip 
Bard, Herbert S Gasser, Councilors 1939 
Andrew C Ivi, President, Philip Bard, Secre- 
tary, Wallace O Fenn, Treasurer, Charles H 
Best, Herbert S Gasser, Arno B Luckhardt, 
Maurice B Visscher, Councilors 1940 Andrew 
C Ivy, President, Philip Bard, Secretary, Carl 
J Wiggers, Treasurer, Charles H Best, 
Herbert S Gasser, Arno B Luckhardt, 
Maurice B Visscher, Councilors 1941 Philip 


Bard, President, Capl J Wiaoi ns. Secretary, 
IIali oh ell Dams, Treasurer, Charles II Best, 
Arno B Luckhardt, Maurice B Visscher, 
Hiram E Essi x, Councilors 1912, 1913, 1911, 1945 
Philip Bard, President, Wailaci 0 Fenn, 
Secretary, ITaliohiil T)a\is, Treasurer, 
ChariisII Bisr, Maurtci B Vissciif r, Hiram 
E Essi X, W F IIamii TON, Councilors 

CONSTITUTION 

I 

1 This Socictj shall be named “The American 

PlIISIOlOGICIL SoCIETI, INCORPORATED ” 

2 The Societj is instituted to promote the ad- 
vance of PhjRioloRi and to facilitate personal in- 
tercourse bctuccn Anicncan Physiologists 

II 

1 The Society shall consist of members and 
honornn members 

2 Any person who bns conducted and published 
mentorius original researches in Physiology and 
M ho IS a resident of North Vmcnca shall bo eligible 
for membership in the Society 

3 Members vbo liaac been rclic\cd by the 
Council of the payment of the annual assessment 
shall retain all the nghts of members 

4 Distinguished men of science nlio haic con- 
tributed to tlic ad^ance of PJiysiology shall be 
eligible for election as honorary members of the 
Society Honorao members shall pay no member- 
ship fee Tlle^ shall haae the right of attending the 
meetings of the Socieli , and of faking part in its 
scientific discussions, but they shall have no vote 

III 

1 The management of the Society shall be 
vested in a Council consisting of the President, 
Secretary , and Treasurer and four other members 
to bo chosen by' ballot at each annual meeting 
The President, Secretarv, and Treasurer shall be 
elected for one y ear The President shall be subject 
to only one reelection The four additional mem- 
bers of the Council shall be elected for a term of 
four ymars and the term of office of one of these 
Councilors shall expire at the close of each annual 
meeting The four additional members of the 
Council shall not succeed themselves If the 
annual meeting is not held all the members of the 
Council shall continue in office until their suc- 
cessors are chosen in the prescribed manner and 
succession 

2 The Council shall have power to fill all 
interim vmcancies that may occur in its member- 
ship or in any Committee or board of the Society 
except those for whicli other provisions have been 
made 
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IV 

1 At Icnstn fortnight before tlio nnnunl meeting 
the Secrct‘\r\ shell send to cech member e notice 
of the piece end time of cecli meeting, and shall 
meke such other ennounccmciits as the Council 
shell direct 

2 The ennuel assessment shall bo detenmned 
b> the Council, end shell be due in advance at the 
time of the annuel meeting No nllocalion or dis 
bursement of funds of the Socictj shell bo made 
cveept upon prior epprov el of the Council 
kpproprietioiis shall be mede bj the Council for 
the conduct of the ncccsserv and appropriate 
business of the Societj 

3 Vnj member whose assessment is two >ears 
in arrears shell cease to bo e member of the 
Socictv , unless at the next ennuel mooting he shall 
be reinstated bv special vote of the Socictj , and 
It shall be the dutv of the Treasurer to inform the 
Sccrcterv that he maj notifj tlie said delinquent 
of his right to appeal to said meeting 

4 \nv member who has retired because of ill- 
ness or age maj , upon application to the Council 
be relieved from pajanent of the annual as- 
sessment 

V 

1 Mootings of the Sociotv for the conduct of 
business and the presentation of papers and 
demonstrations shall be hold annuallv except for 
national emergencies or other exceptional circum- 
stances when the Council mav cancel the proposed 
meeting Tlie time and place of such mootings shall 
bedetemuned bv the Council in consultation with 
the Executive Committee of the rcdcration of 
Amencan Societies for Experimental Biologv 

2 Special meetings maj be hold at such times 
and places as the Council maj determine 

VI 

1 Proposed amendments to the Constitution 
must be brought up at one meeting for preliminarj 
discussion and approval bj a majontj vote and 
cannot bo adopted except bj a two thirds vote at 
a business session at the next annual meeting 
Notice of such changes shall be sent to all mem- 
bers at least two weeks prior to the meeting at 
which thev are scheduled for adoption 

2 At all business meetings of the Societj 
twentj-five members shall form a quorum 

3 Bj laws for the conduct of the Societv max 
be adopted, altered, or repealed at anj business 
Meeting bj" two-thirds v'ote of the ballots cast 

VII 

1 The Council maj , from the names of the 
■candidates proposed in writing bj' at least two 
Members of the Societj , nominate candidates for 


election to momborshtp The names of the candi- 
dates so nominated and a statement of their quali- 
fications for membership signed bj^ their proposers 
shall be available for inspection during the busi- 
ness sessions of the Socictj' at which their election 
IS considered The candidates may be balloted 
for at anj session of the same meeting and a mn- 
jontv vote shall elect If an annual meeting is not 
held, the Council shall elect the candidates to 
membership subject to Societj approval at the 
next annual meeting 

2 Honorarj members shall be proposed bj' the 
Council, and shall be elected by n majority ballot 
of the members present at an annual business ses- 
sion of the Socicf j 

VIII 

1 If a nmjoritj of the Council shall decide that 
the interests of the Socictj require the expulsion 
of a member the Secrctarj shall send a notice of 
this decision to each member at least two weeks 
before the next annual mccti ng At this meeting the 
Secrctarv shall, on behalf of the Council, propose 
the expulsion, and if two-thirds of the members 
present vote for it, the member shall be expelled, 
and his assessment for the current jear shall be 
returned to him, and he shall cease to be a member 
of the Societj 

IX 

1 The ofTioial organs of the Society shall be the 
American Journal of Phjaiologj , the Phv'Siological 
Rev lew s and such other publications as the Society 
shall establish These the Societj shall own and 
thev shall be managed according to the provusions 
of Article X 

X 

1 The President of the Societj shall appoint, 
in consultation with the Council and subject to 
the approval of the Societj , three members of the 
Societv to serv e as members of a Board of Publica- 
tion Trustees 

2 The initial appointments shall be for one, two 
and three j ears Thereafter, each member shall be 
appointed for three years, and shall be eligible 
for one immediate reappointment He may be 
subsequently reappointed, but onlj after the 
lapse of at least one year between reappointments 

3 The Board of Publication Trustees shall be 
vested wuth full power of the Society to control 
and manage, both editonallj and financially, all 
of the publications owned m whole or in part by 
the Societj , to appoint editorial boards, to ap- 
point and compensate a Managing Editor, and to 
control all pubhcatioa funds, none of which, how- 
ever, maj be div erted from support of publications 
of the Society except bj consent of the Council 
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4 The Board of Publication Trustees shall make 
a full report to the Council at each annual meeting 
of the financial condition and publication policj' 
of the Journals or other publications 

BY-LAWS 

1 All papers read before the Society shall be 
limited to a length of ten minutes No person may 
orally present more than one paper In case of 
joint authorship the name of the individual who 
will orally present the paper shall stand first 

2 Abstracts in duplicate, not to exceed two- 
hundred and fifty words in length, of all papers 
to be presented at the annual meeting of the 
Societj' shall be required by the Sccrctarj for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved bj’^ the Council 

3 The Council shall upon the request of tw entj - 
five members call a regional meeting of the Socictj 


at any time and place, for the reading of papers 
and the promotion of personal intercourse Such a 
request slmll be made in w nting at least six weeks 
before the jiroposcd date of meeting Such meeting 
shall be held in accordance witii the Constitution 
and Bj'-laws of the Socictj, and if the regular 
officers of the SocicU cannot be present the Presi- 
dent shall appoint a committee from among the 
petitioners to conduct the meeting The Com- 
mittee through a fei cretary clioscn bj them shall 
forward an account of tlic scientific proceedings 
of the meeting to tiic official Secrotarj of the 
Socictj for insertion in the minute-i Tlie Sccrctarj 
of t he meet iiig shall lUo pri p ire and t ransmit to t he 
official Secret ir\ siuh abstracts of jiqicrs read ns 
max lx furnished linn, and these abstnu ts shall be 
published in tin Tiderilion I’rofiedings in 
accord line with Bx -law No 2 
4 No general business of tlic Socictj shall be 
transacted at sinh regional meetings 


THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 

Founded December 6, 1906, Incorporated September 12, 1919 


OFFICERS ELECTED 1946 

President — A B Hastings, Harvard Medical 
School, Boston 15, Mass 
Vice-President — H T Clahke, 630 West IGSth 
St , New York 32, N Y' 

Secretary— Otto A Bessex , Public Health 
Research Inst , City of New York, Foot of East 
16th St , New York, N Y 

Treasurer — E A Evans, Jr , Univ of Chicago, 
Chicago 37, 111 

Councilors-at-large — V nu Vigneaed, Cornell 
Umx’^ersity Medical College, New York 21, N Y , 
C F CoRi, Washington Univ School of Medicine, 
St Louis, 10, Missouri, A K Balls, Enzjune 
Research Laboratory, Albany 6, Calif ' 
Nominating Committee — W C Rose, Chairman, 
E A Doisy, C G King, C A Eex^ebjem, C F 
CoRi, E G Ball, H A Mattill, H B Lewis, 
H J Deuel, Jr 

PAST OFFICERS 

1907 Russell H Chittenden, President, J J 
Abel, Vice-President, W J Gies, Secretary, L 
B Mendel, Treasurer, W Jones, W Koch, J 
Marshall, T B Osborne, Councilors 1908 
John J Abel, President, Otto Folin, Vice-Pres- 
ident, Wm j Gies, Secretary, L B Mendel, 
Treasurer, A B Macallum, A P Mathews, 
F G Noxt, Councilors 1909 Otto Folin, 
President, T B Osborne, Vice-President, Wm 
J Gies, Secretary, L B Mendel, Treasurer, 


J J Abel, P A Lexene, G Lusk, Councilors 
1910 Tiioxias B Osborne, President, L B Men- 
del, Vice-President, A N Richards, Secretarj , 
Walter Jones, Treasurer, A B Malcallum, A 
P Mathexxs, V C Vaughan, Councilors 1911 
Lafaxette B Mendel, President, A B Macal- 
Luji, Vice-President, A N Richards, Secretarj , 
Walter Jones, Treasurer, Wxi J Gies, A S 
Loevenhart, P a Shaffeb, Councilors 1912 
Archibald B Macalluxi, President, G Lusk, 
Vice-President, A N Richards, Secretary, 
Walter Jones, Treasurer, H P Armsbt, L B 
Mendel, H G Wells, Councilors 1913 Archi- 
bald B Macalluxi, President, G Lusk, Vice- 
President, P A Shaffer, Secretarj , D D Vxn 
Slyke, Treasurer, H P Arxisby, L B Mendel, 
H G Wells, Councilors 1914 Grahaxi Lusk, 
President, C L Alsberg, Vice-President, P A 
Shaffer, Secretary, D D Van Slyke, Treasurer , 
J J Abel, A B Macallum, T B Osborne, 
Councilors 1915 Walter Jones, President, C 
L Alsberg, Vice-President, P A Shaeffer, 
Secretary, D D Van Slyke, Treasurer, Otto 
Folin, G Lusk, L B Mendel, Councilors 1916 
Walter Jones, President, F P Underhill, 
Vice-President, S R Benedict, Secretary , D D 
Van Slxke, Treasurer, Otto Folin, A B Macal- 
lum, P A Shaffer, Councilors 1917 Carl L 
Alsberg, President, A P Mathews, Vice- 
President, S R Benedict, Secretary, H C 
Bradley, Treasurer, L J Henderson, P A 
Shaffer F P Underhill, Councilors 1918 
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Cauu L AisnrnG, Prcsulcnt, A P MATiiF'iss, 
Vice President, S R BiiM dict, Sccrctnrj , II C 
BnADtEi, Trensurer, W J Gifs, AsDnniv 
Hunter, E V McColium, Councilors 1919 
St^nlfi R BrNinicT, President, D D Van 
Seyke, Vice President, V C Mters, Secretary, 
H C BR,\DEri , Treasurer, Andrew Hunter, E 
V McCollum, L B Mfndll, Councilors 1920 
Stanley R Bfnfdict, President, D D Van 
Slyke, Vice-President, V C Mters, Secretarj , 
H C Bradut, Treasurer, Otto Foun, Walter 
Jones, L B Mfndel, Councilors 1921 Donald 
D Van Sltke, President, P A Shaffer, Vice- 
President, V C Mt ERS, Secrctnrj , H C Brad- 
ley, Treasurer, S R Bfnedict, Otto Folin, 
Walter Jonfs, Councilors 1922 Donald D 
Van Slykf, President, P A Shaffer, Vice- 
President, V C Mrans, Secretarj , W R Bloor, 
Treasurer, S R Benedict, II C Bradlet,A P 
Mathers, Councilors 1923 Pinur A Suaffer, 
President, 11 C SnuR-TUN, Vice-President, V C 
Myers, Secretarj , Tl R Bloor, Treasurer, H 
C Bradlet, \ndrer Hunter, A P Mathers, 
Councilors 192-1 Pninp A Shaffer, President, 
Henry C Sherman, Vice President, D Wright 
Wilson, Secretarj , Walter R Bloor, Treasurer, 
Otto Folin, Vn drew Hunter, Victor C Myers, 
Councilors 1923 Henry C Sherman, President, 
Edward C Kendall, 1 ice President, D Wright 
Wilson, Secretarj , Walter R Bloor, Treasurer, 
Orro PoLiN, Lafayette B Mendel, Philip A 
Shaffer, Councilors 192G Edr arl C Kendall, 
President, Elmer V McCollum, ^'^cc-Prcsldcnt, 
Fred C Koch, Secretarj , Glenn E Cullen, 
Treasurer, J B Collip, Edrard A Doisy, 
Albert P Mathers, Councilors 1927 E V 
McCollum, President, W R Bloor, Vice-Presi- 
dent, D Wright Wilson, Secretarj , G E Cul- 
len, Treasurer, E A Doisy, F C Koch, D D 
Van Slyke, Councilors 1928 E V McCollum, 
President, W R Block, Vice-President, D 
Wright Wilson, Secretarj , G E Cullen, 
Treasurer, Wm M Clark, F C Koch, D D 
Van Slyke, Councilors 1929 W R Bloor, 
President, H C Bradley, Mce-President, H B 
Lewis, Secretary, G E Cullen, Treasurer, W 
M Clark, C L A Schmidt, P A Shaffer, 
Councilors 1930 W R Bloor, President, H C 
Bradley , Vice-President, H B Lerts, Secretarj , 
G E Cullen, Treasurer, W M Clark, P A 
Shaffer, D W Wilson, Councilors 1931 H C 
Bradley, President, W M Clark, Vice-Presi- 
dent, H B Lewis, Secretary, C H Fiske, 
Treasurer, W C Rose, P A Shaffer, D W 
Wilson, Councilors 1932 H C Bradley, Presi- 
dent, W M Clark, Vice-President, H B Lewis, 
Secretarj , C H Fiske, Treasurer, P E Hoyye, 
W C Rose, D W Wilson, Councilors 1933 
W M Clark, President, H B Lewis, Vice-Presi- 


dent, II A Mattill, Secretarj , C II Fiske, 
Ircnsurcr, H C BnADiEY, P E Howe, W C 
Rose., Councilors 1934 W M Ci ark. President, 
H B LiRis, Vice-President, H A Mattill, 
Secretarj , C 11 Fiskf, Treasurer, H C Brad- 
irY,E A Doisy, P E Hoyvd, Councilors 1935 
H B Leris, President, G E Cullfn, Vice- 
President, H A Mattill, Secretary, C H 
Fiske, Treasurer, H C Bradley, J B Collip, 
E A Doisy, Councilors 193G H B Leris, 
President, G E Cullen, Vicc-Prcsidcnt, H A 
Mattili , Secretarj , A B Hastings, Treasurer, 
J B Collip, E A Doisy, W C Rose, Coun- 
cilors 1937 G E Cullen, President, W C 
Rosi, Vice-President, H A Mattill, Secretary, 
A B Hystincs, Treasurer, E A Doisy, H B 
Leris, H B Vickery, Councilors 1938 G E 
Cullfn, President, W C Rose, Vice-President, 
Charles G Kino, Secretarj , A B Hastings, 
Treasurer, H B Leris, H A Mattill, H B 
Vickery, Councilors 1939 W C Rose, Presi- 
dent, R J Anderson, Vice President, Charles 
G Kino, Secretarj , A B Hastings, Treasurer, 
H B Leris, H A Mattill, G E Cullen, 
Councilors 1940 William C Rose, President, 
Rudolph J Anderson, Vice-President, Charles 
G King, Secretarj , A B Hastings, Treasurer, 
H a Mattill, Glenn E Cullen, E A Doisy, 
Councilors 1941 R J Anderson, Presideot, 
E A Doisy, Vice-President, A K Balls, Secre- 
tarj , W C Stadie, Treasurer, H B Lerts, W 
C Rose, Councilors 1942 R J Anderson, 
President, E A. Doisy, Vice-President, A K 
Balls, Secretarj , W C Stadie, Treasurer, W 
C Rose, C A King, H Y Clarke, Councilors 
1943 E A Doisy, President, A B Hastings, Vice- 
President, A K Balls, Secretarj , W C Stadie, 
Treasurer, W C Rose, H T Clarke, R J 
Anderson, Councilors 1944 E A DoiSx Presi- 
dent, A B Hastings, I'lce President, A K 
Balls, Secretarj , W C Stadie, Treasurer, R J 
Anderson, H T Clarke, V du Vigneaud, 
Councilors 1945 A B Hastings, President, 
H T Cuarke, Vice President, A K Balls, 
Secretarj, W C Stadie, Treasurer, R J Ander- 
son, C F Com, V DU Vigneaud, Councilors 

CONSTITUTION 

From the Articles of Incorporation 

1 The name of the proposed corporation is 
“American Society of Biological Chemists, 
Incorporated ” 

2 The purposes for which this corporation is 
formed are to further the extension of biochemical 
knowledge and to facilitate personal intercourse 
between Amencan investigators in biological 
chemistrj 
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BY-LAWS 

Article I — Membership 

Section 1 Eligibility for Membership —Quali- 
fied investigators vho have conducted and pub- 
lished meritorious original investigations in 
biological chemistry shall be eligible for member- 
ship in the Society 

Sec 2 Nomination — Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished bj the Secretary 
Nominations shall be submitted to the Council 
•who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting 
Sec 3 Election to Membership — A A nom- 
inee for membership may be voted for bj ballot 
at any meeting of the Socictj' after Council has 
reported its findings on his eligibility The eligible 
candidate shall be reported bj' the Council ns 
“eligible” or as "eligible and indorsed ” B V 
majority of the ballots cast shall elect 
Sec 4 Forfeiture — A Any member v ho maj 
grant the use of his name for (a) the advertisement 
of a patent medicine, a propnetary food prepara- 
tion, or any other commercial article of doubtful 
value to the public or possibly harmful to the pub- 
lic health, or (b) v'ho niaj'- concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that ho has not c\- 
anuned, shall forfeit his membership 
B The Council shall have authority to announce 
forfeiture of membership, provided that the copy 
of the charges, together vith a vntten notice of 
a hearing thereon by the Council at a place and 
time specified in such notice, shall have been de- 
livered to the member charged v ith violating the 
preceding section either personally or mailed to 
him at his last known address at least thirtj' days 
before the date of such hearing 
Sec 5 Expulsion — Upon the recommendation 
of the Council any member may be evpelled by a 
majority vote of the total membership at a meet- 
ing of the Society, pronded that a copy of the 
charges against him, together nith a written notice 
of a hearing thereon by the Council at a place and 
time specified in such notice shall have been de- 
livered to him personally or mailed to him at his 
last known address at least thirty days before the 
date of such hearing 

Article II — Meetings and Quorum 

Section 1 Annual — The annual meeting of the 
Society shall be held on the date fixed by the Cer- 
tificate of Incorporation 
Sec 2 Special —A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
■Council or fifteen members of the Society A notice 


specifying the purpose of such meeting shall be 
mailed to each member at least ten days previous 
thereto The Council shall select the places at 
which meetings shall be held 

Sre 3 Quorum — Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum anj number shall be 
sufficient to adjourn to a fixed date 

Articii III — Officials 

SrcTios 1 Officers — Tlie officers shall be a Presi- 
dent, a Vice-President, a Sccrctarj, and a Treas- 
urer, who shall be elected annually bj the mem- 
bers of the Socictj 

Sic 2 Council — A The officers so elected and 
three additional members, one of whom shall be 
elected at each annual meeting of the Society to 
serv'e a three j car term, shall constitute the Board 
of Directors of the corportion and shall be known 
as “The Council ” (IVlicn this provision is first 
put into effect three members will need to be 
elected for a one, a two and a three jear period ) 

B No two members of the Council maj be from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two jears except the Secrctar3’ and Treas- 
urer, who shall bo eligible for re election for five 
3 ears The three additional members of the Council 
shall be ineligible for re election (until after the 
lapse of one 3 car) 

Sec 3 Duties of Officers — The powers and duties 
of the officers elected b3 the Societ3 shall be such 
as usunll3 devolve upon their respective positions 

Sec 4 Assistant Treasurer — A The Council 
nia3 from time to time appoint a trust company, 
or some member of the Sociot3 , to serve during the 
pleasure of the Council ns Assistant Treasurer, 
and to act as dcpositar3 of the investments and 
income of the "Christian A Herter Memorial 
Fund” and of such other funds as the Societ3 may 
from time to time eommit to its or his charge 

B The Assistant Treasurer shall have and exer- 
cise the following powers and duties, vuz , the 
custody and safe-keeping of securities and cash 
belonging to the “Christian A Herter Fund” and 
the collection of income and other moneys due to 
the Fund, with power to receipt for the same an 
to endorse for deposit all checks payable to the 
Socict3’’ or the Treasurer, or to the Journal of 
Biological Chemistry for income or other moneys 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council, the dibursement of principal under 
the direction of the Council and the disbursement 
of income under the direction of the Editorial 
Board of the Journal of Biological Chemistry, 
such disbursement to be made under a resolution 
of the Council or Board, or vrith the approval 
of two members of either the Council or Board, 
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fis the C'lso be The Assistant Treasurer shall 
keep books of account and render statements, 
annuallj or oftener upon the request of the Coun- 
cil or Board setting forth the condition of the Fund 
and the receipts and disbursements since the 
date of the preceding statement 

AnriciiE W — The Council 

SEcmo^ 1 Pomrs — ^Tho general management of 
the Societj during the mteranls between meetings 
shall be \eated in the Council, which shall reg- 
ularlj perform the ordinary duties of an c\ccuti\c 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation bj the Membership Corporation Law 
of the State of New York 
Sec 2 Rcjtorls — ^Tho Council shall report to 
the SocicU as promptlj as possible its findings 
on" the eligibihtj of candidates for membership, 
and on all charges of a violation of these Bj -Laws 
Sec 3 Journal of Btologtcal Chemistry — ^Tlie 
Council shall have power to appoint the persons 
to not as proxies for the Socictj at all meetings of 
the stockholders of the "Journal of Biological 
Chemistry" (a corporation) of which all the stock 
IS owned bj the Societj , and also to designate the 
persons to bo elected as Directors of such corpora- 
tion 

Sec 4 Herter Fund — It shall bo the dutj of the 
Council to see that the "Christian A Herter 
Memorial Fund” is admimstcred m accordance 
with the terms of the Trust Agreement, dated 
May 16, 1911, executed by the Journal of Biological 
Chemistry and the donors of said Fund 

Article V — Nominating Committee 

Section 1 Membership — A The nominating 
Committee shall consist of rune members from 
mne different institutions elected at each annual 
meeting to serve for the ensuing year Members 
who have served on the Nominating Committee 
for two consecutive years shall be ineligible for 
re-election until after the lapse of one y ear 
B The member of the Nominating Committee 
who IS elected to the Committee by the largest 
number of v otes shall become Chairman and Secre- 
tary of the Committee 

Sec 2 Nomination of Officials — A The NomiJ 
nating Committee shall make at least one nomine 
tion for each of the four offices and for each of tlje 
three additional positions in the Council to /be 
filled by vote of the members y 

B The nominations by the Nominating fCom- 
mittee must be transmitted to the Secret“iry at 
least one month before the annual mee mg at 
which they are to be considered 
C The Secretary shall send to every ember 
at least two weeks before the annual meet 
copies of the list of nominees presented to ijim by 


the Nominating Committee and at the same time 
slinll notify all the members that they may vote 
by proxy 

D At tho opening of the first executive session 
of the ensuing annual meeting the Secretary shall 
formally present tho regular nominations for the 
Nominating Committee 

E Additional nominations for tho offices and for 
membership m tho Council may be made by any 
member at tho opemng of tho first executive ses- 
sion of any annual meeting 

F Nominations for membership on tho Nonu- 
nating Committee shall be made by or for individ- 
ual members, cither in person or by proxy, and not 
otherwise, at the opening of the first executive 
session of any annual meeting 

Sec 3 Election of Offiicials — A The Secretary 
shall receive and present to tho tellers, appointed 
by the President to take charge of the election, all 
signed ballots forwarded by absent members 
When such ballots are presented to the tellers the 
Secretary shall announce the names of the mem- 
bers V oting by proxy, and he shall record the same 
names in the minutes of the meeting 

B All elective officials shall be selected by ballot 
at the close of the first exeoutiv e session of each 
annual meeting 

C Amajonty of the v otes cast shall be necessary 
to elect an official 

D Electiv 0 officials shall take office on July Ist 
following the annual meeting 

Sec 4 Filling of Vacancies — A The Nominat- 
ing Committee shall fill all vacancies in elective 
positions except such as may occur at a meeting of 
the Society 

B The President of the Society shall fill all va- 
cancies in appointive positions 

Article VI — Financial 

Section 1 Dues — Annual assessments shall be 
determined by^ majority vote at the annual meet- 
ings, upon the recommendation of the Council, and 
shall be duo January 15th in each year Members 
who have reached the age of 65 years, or who have 
become incapacitated, may , by vote of the Coun- 
cil, be exempted from the payment of dues 

Sec 2 Expenditures — ^No expenditures from the 
general funds of the Society except those reqmred 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council, but this section shall not apply to expen- 
ditures from the “Chnstian A Herter Memorial 
Fund ” 

Sec 3 Privileges of Membership Begin with Pay- 
ment of Dues — Candidates for membership, if 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election 

Sec 4 Penalty for Non-Payment of Dues — A 



452 


FEDERATION PROCEEDINGS 


Members in arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership 

B Delinquent members may be reinstated by 
the Council provided all indebtedness to the So- 
ciety IS liquidated 

Sec 5 Hcrler Fund — The ‘‘Christian A Hertcr 
Memorial Fund” shall be held and invested 
separately from the general funds of the Society 
and the income thereof shall be expended under 
the direction of the Editorial Board exclusively 
for the maintenance and support of the Journal of 
Biological Chermstry, subject to the supervision 
and control of the Editorial Committee in accord- 
ance with the terms of the Trust Agreement men- 
tioned in Article IV, Section 4, and the provi- 
sions of Article VII of the By-Law s 

Article VII — Journal of Biological 
Chemislry 

Section 1 Editorial Committee — There shall be 
an Editorial Committee consisting of nine mem- 
bers of the Society who shall be nominated by the 
Nominating Committee and elected by the Society 
in the same manner as officers The nine members 
first elected shall divide themselves by lot into 
three classes of three in each class, to serve for tw o, 
four, and six years respectively, and thereafter 
three members shall be elected at each alternate 
annual meeting of the Society to succeed the mem- 
bers of the outgoing class and to serve for a term of 
six years Members of the Committee shall be 
ehgible to re-election 

Sec 2 Powers of Committee — The Committee 
shall have powder to elect an Editorial Board and 
shall have final authority in matters pertaining to 
the general policy of the Journal 

Sec 3 Editorial Board — The members of the 
Board shall hold office until their successors are 
elected and shall appoint a Managing Ec’tor from 
among their own number who shall have direct 
responsibility and authority for the active edi- 
torial conduct of the Journal, and who shall have 
discretionary power in arranging the details as ro 
the conduct of the Journal The expenditures of' 
the income of the ‘‘Christian A Herter Memorial 
Fund” shall be under the direction of the Board, 
and the approval of any two members of the Board 
shall be a sufficient warrant to authorize payments 
from such income 

Article VIII — Papers on Scientific Subjects 

Section 1 Presentation of Papers — The Secre- 


tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
will require The time thus specified shall be 
printed on the official program, and the presiding 
officer shall have no authority to extend it unless a 
majontj of the members present signifj theirwish 
to the contrarj In the absence of any specification 
of time required not more than ten minutes shall 
be allotted for the reading of anj one paper 
Sre 2 Number of Papers — No member shall be 
permitted to present more than one paper, cither 
alone or in collaboration, until every member shall 
have had the opportunity of presenting one paper 

Article IX — Corporate Seal 

Section 1 The corporate seal of the corporation 
shall be a circle surrounded bj the words, ‘‘Ameri- 
can Society or Biological Ciifmists,” and in- 
cluding the word, "Incorporated ” 

Article X — Amendments 

Section 1 Amendments — These B> -Laws, after 
having been approved by the Council, and adopted 
by the Societj at its first annual meeting, shall 
not be amended except as hereinafter provided 
Sec 2 Manner of Presentation — Proposed 
amendments to the By-Laws must be sent to the 
Secretary at least one month before the date of the 
meeting at which they are to bo considered and 
must be indorsed in writing by at least three 
members 

Sec 3 Notice of Intended Amendments — The 
Secretary shall give every member notice of pro- 
posed amendments at least two weeks before the 
meeting at which thej^ are to be considered and 
shall notify all members that they may vote by 
proxy 

Sec 4 Adoption of Amendments — ^A The Secre- 
tary shall receive and present to the tellers ap- 
pointed by the President all signed ballots for- 
warded by absent members When such ballots are 
presented to the tellers, the Secretary shall 
announce the names of members voting by proxy, 
and he shall record the same names in the minutes 
^of the meeting 

\ B Votes upon amendments shall be cast at the 
osemng of the second executive session of the 
meeting at which they are considered 
(jL Affirmative votes from three-fifths of the 
raei^ers voting shall be required for the adoption 
of 
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AMERICAN SOCIETY FOR PHARMACOLOGY AND EXPERIMENTAL 
THERAPEUTICS, INCORPORATED 

Founded December 2S, 190S, Incorporalcd June 19, 1933 


OrriCERS ELECTED 19 IG 

Presnkni—Mwmci II SbL\nis, Unucrsitj of 
MichigraMcdicnl School, Viin \rbor, Mich 

1 ICC Pre-ndent — II B ^ in Dtki , College of 
Plusicinis md Surgeons, Colunibm Unn , New 
\ork 

Sccrclaru — Hinrb'i B II we, Medical College 
of \ irginn, Richmond, \ a 
Treasurer— McKi EN Cvttell, Cornell Um- 
Nersit\ Medical College, New \ork 21, N \ 
Council — IIamiiton II Vsninsov, Univ of 
Cabrorma Medical School ‘'an rrincisco, loiiN 
C Kuantz, Jk , Uniicrbiti of Mir^land, Balti- 
more, M\bnici H SLFirns, H B \ an Dyke, 
H tRi EY B H 1 . 10 , McKy y \ C ittj f v 
^fcmhc^shtp Commillcc — Cinn V Diiigsteot 
(term expires 1917) Northwestern Lnii Medical 
School, Chicago, 111 , C\ri P Schmidt (term 
expires 191S) Unix of Pcnnsihnnia Medical 
Scliool, Philadelphia 4, Pa ,Citvni.EsM Grunta 
(term expires 1949) Jefferson Medical College, 1025 
Walnut St , Pliiladelplii i, Pa 

\ omimlinq Committee— \i K Chen , Chairman, 
Alfred G I L.MXN, P K Ivnoefel, Cini PrEiFFEn, 
Robert \ Woodbl rx 

PAST OFFICERS 

1909 J J Abel, President, Reid Hunt, Secre- 
tarj , A S Loevenhart, Treasurer, S J Melt- 
ZER, T SoLLMANN, C W EdMONTIS, A C CriIY- 
ford, Councilors 1910 J J Abel, President, 
Reid Hunt, Secretarj , A S Loex enhart. 
Treasurer, A C Craxvford, G B Wallace, 
Councilors 1911 J J Abel, President, Reid 
Hunt, Secretary, A S Loextinhart, Treasurer, 
G B Wallace, W deB MacNider, Councilors 
1912 J J Abel, President, J Auer, Secretary, 
A S Loextenhart, Treasurer, G B Wallace, 
Reid Hunt, Councilors 1913 T Sollmann, 
President, J Auer, Secretari , A S Loexenhart, 
Treasurer, J J Abel, W deB MacNider, 
councilors 1914 T Sollmann, President, J 
Auer, Secretarj , W deB MacNider, Treasurer, 
J J Abel, A S Loex'enhart, Councilors 1915 
T SoLLxiANN, President, J Auer, Secretary, W 
deB MacNider, Treasurer, Worth Hale, D E 
Jackson, Councilors 1916 Reid Hunt, Presi- 
dent, J Auer, Secretary, W deB MacNider, 
Treasurer, A D Hieschfelder, G B Roth, 
Councilors 1917 Reid Hunt, President, L G 
Roxvntree, Secretary, W deB MacNider, 
Treasurer, J Auer, Carl Voegtlin, Councilors 
1918 Reid Hunt, President, E D Broxvn, Secre- 


tarj , IV deB MacNider, Treasurer, Hugh 
McGuioan, Carl Voegtlin, Councilors 1919 
A S Loeveniiart, President, E D Broxv'n, 
Secretarj , W deB MacNider, Treasurer, Reid 
Hunt, E K Marshall, Jr , Councilors 1920 
A S Loeveniiart, President, E D Broxvn, 
Secretarj , W deB MacNider, Treasurer, D E 
IacksoNjE K Marshall, Jr , Councilors 1921 
C IV Edmunds, President, E D Brown, Secre- 
tarj, Hugh McGuigan, Treasurer, John Auer, 
J P IIanzlik, Councilors 1922 C W Edmunds, 
President, E D Brown, Secretarj, Hugh Mc- 
Guigan, Treasurer, J P Hanzlik, H G Bar- 
bour, Councilors 1923 C W'' Edxiunds, Presi- 
dent, E D Broxvn, Secretary, Hugh McGui- 
oan, Treasurer, J P Hanzlik, H G Barbour, 
Councilors 1924 John Auer, President, E 
D Brown, Secretary, A L Tatuxi, Treasurer, 
J P Hanzuk, H G Barbour, Councilors 
1925 John Auer, President, E D Browtj, 
Secretarj , A L Tatum, Treasurer, H G Bar- 
bour, W deB MacNider, Councilors 1926 
John Auer, President, E D Broxvn, Secre- 
tarj , A L Tatum, Treasurer, H G Barbour, 
W dcB MacNider, Councilors 1927 Carl 
Voegtlin, President, E D Brown, Secretary, 
A L Tatum, Treasurer, V E Henderson, C 
Edxiunds, Councilors 1928 Carl Voegtlin, 
President, E D Browti, Secretarj , A L Tatum, 
Treasurer, V E Henderson, C W Edmunds, 
Councilors 1929 Carl Voegtlin, President, E 
D Brow'n, Secretary, 0 H Plxnt, Treasurer, 
V E Henderson, C W Edmunds, Councilors 
1930 George B Wallace, President, E D 
Broxvn, Secretary, 0 H Plant, Treasurer, H 
G Barbour, C M Gruber, Councilors 1931 
George B Wallace, President, Velyien E 
Henderson, Secretary, 0 H Plant, Treasurer, 
Paul D Lamson, William deB MacNider, 
Councilors 1932 Wm deB MacNider, Presi- 
dent, A N Richards, Vice-President, V E 
Henderson, Secretary, 0 H Plant, Treasurer, 
G B Roth, A L Tatum, Councilors 1933 Wm 
deB MacNider, President, A L Tatuxi, Vice- 
President, V E Henderson, Secretary, 0 H 
Plant, Treasurer, C M Gruber, G B Roth, 
Councilors 1934 R A Hatcher, President, A 
L Tatum, Vice-President, E M K Geiling, 
Secretary, 0 H Plant, Treasurer, Wm dbB 
MacNider, R L Stehle, Councilors 1935 V- 
E Henderson, President, O H Plant, Vice 
President, E M K Geiling, Secretary, C M 
Gruber, Treasurer, Floyd de Eds, M S Dooley, 
Councilors 1936 V E Hentoerson, Presi- 
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dent, O H Puant, Vice-President, E M IC 
Geiltng, Secretary, C M Gnunen, Treasurer, 
C W Edmunds, G B Wallacl, Councilors 
1937 A L Tatum, President, F M K Guiino, 
Vice-President, G P GRAnriELD, Secretary, C 
M Gruber, Treasurer, V E IIendirson,M II 
Seevers, Councilors 1938 A L Tatum, Presi- 
dent, E M K Geiling, Vice-President, G P 
Gbabfield, Secretary, C M Gruber, Treasurer, 
E K Marshall, Jr , C F Schmidt, Councilors 
1939 0 H Plant, President, E K GriLiNO, 
Vice-President, G P Grabeield, Secretary, E 
E Nelson, Treasurer, A L Tatum, C A Drag- 
STEDT, Councilors 1940 E M K Ceiling, 
President, C F Schmidt, Vice-President, G 
Philip Grab field, Secretary, E E Nelson, 
Treasurer, B H Robbins, C II Thienfs, Coun- 
cilors 1941 E M K Ceiling, President, C F 
Schmidt, Vice-President, Raymond N Bieter, 
Secretary, E E Nelson, Treasurer, E G Gross, 
R G Smith, Councilors 1942 E K Marshall, 
Jr , President, Carl A Dragstedt, Vice-Presi- 
dent, Raymond N Bietfr, Secretary , E E 
Nelson, Treasurer, McK Cattell, R G Smith, 
Councilors 1943E K Marshall, Jr , President, 
Carl A Dragstedt, Vice-President, Raymond 
N Bieter, Secretarj’-, E E Nelson, Treasurer, 
McK Cattell, R G Smith, Councilors 1944, 1945 
E E Nelson, President, C Iil Grubfr, Vice- 
President, R N Bieter, Secretarj , McKfen 
Cattell, Treasurer, Harri Beckman, Nathan 
B Edda , Councilors 

CONSTITUTION 
Article I — Name 

^ The name of this organization shall be the 
‘American Society for Pharmacologa and Ex- 
perimental Therapeutics, Incorporated ” 

Article II — Objects 

The purpose of this Society shall be to promote 
these branches of science and to facihtate personal 
intercourse between investigators who are actively 
engaged in research in these fields 

Article III — Membership 

Section 1 Any person who has conducted and 
published a meritonous investigation in pharma- 
cology or experimental therapeutics, and who is an 
active investigator m one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III 
Sec 2 A Candidates for membership to this 
Society shall be proposed by two members who are 
not members of the Council The names so pro- 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting 
B The Membership Committee shall investigate 


the qualifications of the candidates and report 
to the Council 

C Candidates reported upon bj tiic Mcmbcr- 
shij) Committee to the Counril may be recom- 
mended for admission bj tlic Council onlj 
proAidcd thej Iuiac been approved bj' four-fifths 
of the combined membership of the Membership 
Committee and the Council 

D The names of the candidates recommended 
for admission bj the Council shall be posted by 
the Secretarj not later than the day preceding the 
election for members 

E The election of members shall be by individ- 
ual ballot, one opposing vote in cverj eight cast 
shall be sufficient to exclude a candidate from 
membership 

Si c 3 Forfcilurc of Membership 

A Anj' member m hose assessment is three j care 
in arrears shall cease to be a member of the Socictj , 
unless ho shall be reinstated by a special vote of 
the Council, and it shall be the dutj of the Treas- 
urer to inform the Secretarj that he may notify 
the said delinquent of liis nght to appeal to the 
Council 

B If the Council shall decide that it is for the 
best interests of the Society that a member be 
expelled, the member shall be notified and gixen 
an opportunity of a hearing before the Council 
Upon the recommendation of the Council the mem- 
ber then may be expelled by a three-fourths vote 
of those present at a regular meeting of the So- 
ciety 

Sec 4 Honorary Members 

A Distinguished men of science who haxe con- 
tributed to the adx ance of pharmacology or experi- 
mental therapeutics shall be eligible for election as 
honorary^ members of the Society’ 

B Nominations for honorary members shall 
take the same course as nominations for ordinary 
members (Art III, Sec 2) , but their election shall 
require the unanimous x ote of the members pres- 
ent at the election 

C Honorary members shall pay’ no membership 
fee They shall hax’e the right to attend all meet- 
ings of the Society , and to take part in its discus- 
sions, but they shall hax e no vote 

D The conditions for continuation of member- 
ship shall be the same for honorary as for ordinary 
members (Art III, Sec 3), except that forfeiture 
for arrears of fees does not apply to honorary 
members 

Article IV — Officers and Elections 

Section 1 The management of the Society shall 
be vested in a Council of six officers, consisting of 
a President, a Vice-President, a Secretary, a Treas- 
urer and tw'o additional members 

Sec 2 There shall be a Membership Committee 
consisting of three members, and a Nominating 
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Committee consisting of fi%o members No tno 
members of either Committee shnl! bo from the 
same institution 

Sec 3 Members of the Council shall servo for 
one >cnr but thej shall be eligible for re election 
Sec 4 The election of the Membership Commit- 
tee shall be held tinnuall 5 at the time n hen tho 
election of olTiccrs occurs At the first meeting of 
the Society under this Constitution, one member 
shall be elected to serve on tho Committee for 
three jears, one for two jears, and one for one 
year, and subsequentlj one member shall be 
elected each jear to serve for a period of three 
vears 

Sec 5 A Members of the Nominating Commit- 
tee shall serv e for one j car Tlicj arc eligible for 
re-election, but shall not hold membership in the 
Committee for more than two consecutive jears 
B The Nominating Committee shall make at 
least one nomination for each office and for posi- 
tion on the Membership Committee to be filled 
bj V otc of the members The nominations so made 
shall bo transmitted to the Secretary and bj him 
in turn to tho members, at least one month before 
the annual meeting Additional nominations maj 
be made bj anv member at tho time of tho annual 
meeting 

C Nominations for membership on tho Nomi 
nating Committee shall be made bj indivndual 
members at the time of the annual election The 
five nominees who receive the highest number of 
votes shall be declared elected The Nominating 
Committee shall select its own chairman who shall 
also serv e as sccretar j to the Comrmttcc 
Sec G The election of officers shall be held at 
the close of the first session of the annual meeting 
In voting there shall bo a ballot in regular order 
for each office to be filled, and tho majority of the 
V otes cast shall be necessary to a choice 
Sec 7 Such vacancies as maj occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled by a 
majontj vote of the Council 

Abticle V — "Heelings 

Section I The annual meeting of the Society 
shall be held at a time and place determined by 
the Council in consultation with the Evecutive 
Committee of the Federation of Amencan So- 
cieties for Experimental Biology 
Sec 2 Special meetings may be held at such 
times and places as the Council may determine 
Sec 3 At least four weeks before the annual 
meeting the Secretary shall send to each member 
a notice of the time and place of such meeting and 
shall make such announcements as the Council 
maj direct 


AnTiciiE VI — Financial 

Section 1 Tho annual assessment shall be do 
tcrminod by majority vote at tho annual meetings, 
upon tho recommendation of tho Council, and 
shall bo duo in advanco at the time of the meeting 

Sec 2 Beyond tho ordinary expenditures re- 
quired by the routine business of tho Society no 
monoj shall be disbursed save by tho authority of 
the Council or Society 

Sec 3 Tho treasurer shall make an annual re- 
port to the Society 

Sec 4 In case any profits result to tho Society 
from tho Journal of Pharmacology and Experi- 
mental Therapeutics at tho end of the financial 
j car, such profits shall bo kept in a special account, 
after deducting any sums expended by the Society 
during the year for the conduct of the Journal, 
and shall bo held subject to the order of the Coun- 
cil on recommendation of tho Editorial Board 

AnxicLE VII —Quorum 

Ten members shall constitute a quorum for the 
transaction of business 

AnxicLE VIII — By-Laws 

By-Laws shall be adopted, altered or repealed 
at any meeting by two thirds vote of the bal- 
lots cast 

Article IX — Amendments 

Section 1 Intended amendments to the Consti- 
tution shall be sent to the Secretary at least one 
month before the date of the meeting at which they 
are to be considered, and must be indorsed in 
writing by at least three members 

Sec 2 The Secretary shall givm all members due 
notice of proposed amendments 

Sec 3 A four -fifths vote of the members present 
shall be required for the adoption of an amend- 
ment 

Article X —Journal 

Section 1 The official publication of the Society 
shall be the Journal of Pharmacology and Experi- 
mental Therapeutics 

Sec 2 TheSociety shall elect an Editor-in-Chief 
for a term of three j ears and he w ith the approval 
of the Council shall appoint an Editorial Board of 
six members for a term of three j^ears 

Sec 3 The Editorial Board shall have direct 
authority and responsibility for the active edi- 
tonal conduct of the J ournal of Pharmacology and 
Experimental Therapeutics and shall have discre- 
tionary power in arranging details as to the con- 
duct of the Journal 

BY-LAWS 

1 Papers to be read shall be submitted by the 
members of the Society to the Secretary , who, with 
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the President, shall be empon crcd to arrange the 
program No person may orally present more 
than one paper In case of joint authorship, the 
name of the individual who v ill orally present the 
paper shall stand first Papers not read shall 
appear on the program as read by title 
2 An abstract of a paper to bo read before the 
Society shall be sent to the Secretary nith the 


title As early as possible after each meeting, the 
Secrctarj shall edit and publish the Proceedings 
of the Society together with abstracts in a publi- 
cation authorircd by the Sooietj 
3 All applications for membership shall be ac- 
companied by a copy of as manj reprints ns pos 
Bible of the published work of the applicant 


THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 

Founded Dcccmhcr 29, 1918 


OFFICERS ELECTED 1916 

President — Paul R Cannon, Univcrsitj of 
Chicago, Chicago, Illinois 
Vice-President — Douguas II Sprunt, Uni- 
versity of Tennessee, Memphis, Tcnn 
Secretary-Treasurer — FninoA S RonscnriT- 
Robbins, University of Rochester School of 
Medicine, Rochester, N Y. 

Councilors — H P Smith, College of Phjsicians 
and Surgeons, Columbia Univcrsitj , New York 
32, N Y , John G Kidd, Cornell University 
INIedical College, New York, N Y 
Rcpresenialnc in the Division of Medical Sciences 
of the National Research Council — (Julj 1, 1946- 
June 30, 1949) H P Smith, College of Physicians 
and Surgeons, Columbia Univ , New York, X Y 
Representatives on the Council of the American 
Association for the Advancement of Science — 
Malcolm H Soule, Umv of IMichigan, E B 
Krumbhaar, Univcrsitj’' of Pennsjlvama (terms 
until June 30, 1947) 

Representative on the Council of the Union of 
American Biological Societies — H P Smith, 
Columbia Umv , College of Physicians and 
Surgeons, New York, N Y 
Representatives on the Eh Lilly Award Com- 
mittee (Jointly with the Society of American 
Bacteriologists) For nominations Morton 
McCutcheon, Univ of Pennsylvama For Award 
Shields Warren, Harvard Umversity 
Representative on the Committee for the Placement 
Service ^Douglas H Sprunt, Umv of Tennessee 
Medical School, Memphis, Tenn 
Representative in the Division of Medical Sciences 
of the National Academy of Sciences— H P Smith, 
Columbia Umv , College of Physicians and 
Surgeons, New York, N Y 

PAST OFFICERS 

1914 R M Pearce, President, John F Ander- 
son, Vice-President, G H Whipple, Secretary- 


Treasurer, IIarvei Cushing, David Marine, 
Councilors 1915 Theorald Smith, President, 
G n Whipple, Vice-President, Pfvton Rous, 
Secrefarj -Treasurer, David Marine, R M 
Pearcl, Councilors 19IG Simon Funner, Presi- 
dent, Leo Lolb, Vice-President, Pi yton Rous, 
Sccrctarj -Treasurer, David Marine, R M 
Pearce, Councilors 1917 Ludvig Hektoen, 
President, Leo Loer, Vice-President, Howard T 
Karsner, Sccretarj -Treasurer, Paul A Lewis, 
L G Rowntrel, Councilors 191S II Gideon 
Welts, President, W G MacCalluvi— Vice- 
President, IIow VRD T Karsner, Secretarj’- 
Treasurer, L G Rowntree, Ludvig Hektoen, 
Councilors 1919 W G MacCalluvi, President, 
William H Park, Vice-President, Howard T 
Karsner, Sccretarj -Treasurer, Ludvig Hektoen, 
E L Opie, Councilors 1920 Williavi H Park, 
President, F G Now, Vice-President, Howard 
T Karsner, Secretarj -Treasurer, E L Opie, 
Wade H Brown, Councilors 1921 F G Novw, 
President, Howard T Karsner, Vice-President, 
Wade H Brow-n, Secretarj -Treasurer, Paul A 
Lewis, A R Dochez, Councilors 1922 Howard 
T ICarsner, President, Eugene L Opie, Vice- 
President, Wade H Brow n , Secretary-Treasurer, 
A R Dochez, George H Whipple, Councilors 
1923 Eugene L Opie, President, Aldred S War- 
thin, Vice-President, Wade H Brown, Secretarj’- 
Treasurer, George H Whipple, H Gideon 
Wells, Councilors 1924 Aldred S Warthin, 
President, George H Whipple, Vice-President, 
Edward B Krumbhaar, Secretary-Treasurer, 
H Gideon Wells, Frederick L Gates, Coun- 
cilors 1925 George H Whipple, President 
Wade H Brown, Vice-President, Edward B 
Krumbhaar, Secretarj’^-Treasurer, Frederick 
L Gates, David Marine, Councilors 1926 
Wade H Brown, President Davmd Marine, 
Vice-President, Edward B Krumbhaar, Secre- 
tary-Treasurer, Frederick L Gates, William F 
Petersen, Councilors 1927 David Marine, 
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President, Edward B Krumbu\ar, Vico Presi- 
dent, Carr V iVrurR, Scerclnrj -Trc'isuror, 
WiLUAM F Petprscn, FnbnrRiCK L Gates, 
Councilors 192S Enw ard B Krumdiiaar, Presi- 
dent, WiLU\M F Petfrsi\, Vico President, 
CeRL V Welier, Sccrctorj -rrcisurer, Fred- 
erick L Gates, Samueij R IIaytiiorn, Coun- 
cilors 1929 WiLRiAM F PrTiRstN, President, 
Frederick L Gates, Vice-President, Carr V 
Werrer, Socrotnr\-Tronsuror, Samulr R Haa- 
trorn, Peyton Rous, Councilors 1930 Frfd- 
"erickL Gates, President, Samuei R IIaytiiorn, 
Yicc President, C PniRRir Mirifr, SccretTri- 
Tressurer, Peyton Rous, Carr V Werrer, 
Councilors 1931 Samufi R IIaytiiorn, Presi- 
dent, Peyton Rous, Viec-Prosidcnt, C Phirrip 
Mirrer, SccrctTri-Treisurcr, Carr V Werrer, 
S Burt Worracii, Councilors 1932 Peyton 
Rous, President, Carr V Werrer, Vice-Presi- 
dent, C PniRRip Mirrer, Secrcturj -Trensurer, 
S Burt VoRBAcn, Oskar Ivrotz, Councilors 
1933 Carr V Werrer, President , S Burt Wor- 
bacii, Vico President, C Phirrip Mirier, Scerc- 
tarj-Tressurer, Oskar Krotz, Arpiionse R 
Dochez, Councilors 1934 S Burt Worracii, 
President, Oskar Krotz, Vice-President, Shierds 
Warren, Sccrotar\ -Treasurer, C Phirrip Mir- 
rer, Arphonse R Dochez, Councilors 1935 
Oskar Krotz, President, Arphonse R Dochez, 
Vice-President, Shierds Warren, Secretarj- 
Treasurcr, Morton McCutcheon, C Phirrip 
Mirrer, Councilors 1936 Arphonse R Dochez, 
President, C Phirrip Mirrer, Vice-President, 
Shierds Warren, Secretary-Treasurer, Morton 
McCutcheon, Eiuiest W Goodpasture, Coun- 
cilors 1937 C Phirrip Mirrer, President, Mor- 
ton McCutcheon, Vice-President, Paur R 
Cannon, Secretary-Treasurer, Eenest W Good- 
pasture, Shierds Warren, Councilors 1938 
Morton McCutcheon, President, Ernest W 
Goodpasture, \^ce-President, Paur R Cannon, 
Secretarj -Treasurer, Shierds Warren, Jesse L 
Borrman, Councilors 1939 Ernest W Good- 
pasture,^ President, Shierds Warren, Vice- 
President, Paul R Cannon, Secretarj -Treasurer, 
Jesse L Borrman, Balduin Luck£, Councilors 
1940 Shields Warren, President, Jesse L Boll- 
man, Vice-President, H P Smith, Secretary- 
Treasurer, Balduin Luck£, Paul R Cannon, 
Councilors 1941 Jesse L Bollman, President, 
Balduin Luck6, Vice President, H P Smith, 
Secretary-Treasurer, Paul R Cannon, Douglas 
H Sprunt, Councilors 1942, 1943, 1944, 1945 Bal- 
duin Luck£, President, Paul R Cannon, Vice- 
President, H P Syhth, Secretary Treasurer, 
Douglas H Sprunt, Frieda S Robscheit- 
Robbins, Councilors 


CONSTITUTION 
Article I — Name 

The Society shall be named “The American 
Society for Experimental Pathology ” 

Article II —Object 

The object of this Society is to bring the produc 
tivc investigators in pathology, working essen- 
tially by cspcrimental methods, in eloser affiliation 
with the w orkers in the other fields of experimental 
medicine 

Article III — Ttmc and Place of Meeting 

The Society shall meet at the same time and 
place as the Federation of American Societies for 
Experimental Biology, which comprises at present 
the American Phj Biological Society, the American 
Societj of Biological Chemists, the American So- 
cictj’ for Pharmacology and Experimental Thera- 
peutics, the American Society for Experimental 
Pilhologj, the American Institute of Nutrition 
and the American \ssociation of Immunologists 

Article IV — Membership 

Section 1 Any American investigator who, 
through the use of experimental methods, has, 
within three jears prior to his candidacy, con- 
tributed meritorious w ork in pathology, is eligible 
to membership 

Sec 2 It shall be the policy of the Societj to 
restrict its membership to as small numbers as is 
compatible with the maintenance of an actixe 
existence 

Sec 3 There shall be two classes of members 
actix e and honorary members 

Active members Candidates for active member- 
ship shall be normnated at or before an annual 
meeting by tw o members of the Society The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for 
membership Nominations approved by the Coun- 
cil shall be presented to the Society for election at 
the next annual meeting following nomination 
For election a favorable ballot by a majority of the 
members present is necessary 

Honorary members These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who haxe con- 
tributed to the knowledge of pathology by experi- 
mental study They shall be elected only by the 
unanimous vote of the members present at time of 
noimnation 

Sec 4 Active members shall pay such annual 
dues as are determined upon, from year to year, bj 
the Council Honorary members shall pay no dues, 
are not eligible to office, and have no vote in the 
business affairs of the Society, but they shall have 
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all the privileges of the active members in the 
scientific proceedings 

Sec 5 Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretarj' At the end of the third 
year, if dues are still unpaid, such failure consti- 
tutes forfeiture of membership 

Sec 6 A motion for expulsion of a member must 
be thoroughly investigated by the Council, at this 
investigation the accused shall be afforded a hear- 
ing or may be represented by a member Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting 

Article V — Officers 

The management of the Society shall be vested 
in a Council of five members, consisting of a Presi- 
dent, a Vice-President, a Secretary-Treasurer, 
and two other members who shall be nominated 
by the Council and elected by the Society Officers 
are elected by a majority vote Vacancies shall be 
filled by the Council for the unoxpired term 

The President and Vice-President shall hold 
office for one year and are ineligible for re-election 
during the folloiiing year The Secretary-Treas- 
urer is eligible for re-election Councilors shall 
hold office for two years and arc elected on alter- 
nate years At the first election one Councilor shall 
be elected for a short term of one year 

Article VI — Quorum 

Section 1 Three constitute a quorum of the 
Council The Council decides by a majority vote 

Sec 2 A quorum of the Society for transaction 
of business shall be one-fourth of the total mem- 
bership In all questions brought before the So- 
ciety a majority vote of those present shall decide, 
except as elsewhere provided for 

Article VII — Annual Meeting 

Section 1 Papers shall be limited to ten min- 
utes However, on motion and wuth unanimous 


consent, the time maj be prolonged bj a period not 
exceeding five minutes The Council maj make 
provision for longer papers on suitable occasions 

Sre 2 The subjects of papers must be confined 
to experimental work in pathologj In doubtful 
cases n, liberal interpretation bj the President and 
Sccrctarj' ma> prevail The Council may invite, 
however, presentations dealing with nnj subject 
which it considers of considerable interest to the 
Society 

Articli VIII —Change of ConslUulion 

A motion concerning a change of the Constitu- 
tion must be presented to the Council in writing 
bj three members, and must be communicated to 
the members bj the Secretary at least four weeks 
before the annual meeting At this meeting such a 
change maj be established when accepted bj a 
four-fifths vote of the members present 

n\.L\vs 

1 There must be in each vear at least one meet- 
ing of the Council, which shall take place not later 
than the evening before the annual meeting 

2 'Vt the end of the first session of the annual 
meeting the Sccrotar} shall read the report of the 
Council This report shall include (1) names of 
persons recommended for membership, (2) nomi- 
nations for offices, (3) matters of general interest 
The Secretarj shall exhibit in a conspicuous place 
the names of candidates for membership recom- 
mended bj the Council, together with theevndence 
of the qualifications of the candidates 

3 The election of officers and of new members, 
changes in the Constitution, ete , shall be voted 
upon at the end of the first session 

4 Changes in the B 3 '-Laws may be determined 
by a majontj'- v otc of those present 

5 In the i'ear that a new Secretary-Treasurer is 
elected the incomnig Council iMember elected that 
year, or another member of the Council, shall 
become Assistant Secretarj -Treasurer for the du- 
ration of the term of the Secretary -Treasurer 



AMERICAN INSTITUTE OF NUTRITION 


459 


THE AMERICAN INSTITUTE OF NUTRITION 

Founded April 11, 1933, Incorporated November 16, 1984 
Member of Federation 1940 


OFFICERS ELECTED 19 IG 

Prcsidfiil— ViiTiiun 11 Smith 
1 tcc-Prcsiiicrtl — ^R M Btrukr 
Scerdam—Vi E C\nTFn 
Treaswer — E M Nelson 
Councilors— C A Eimhjem, D W IAoollei, 
H J AlM QUIET 

Nominating Committee — I McQuAnniB, Chur- 
mnn, 11 Goss, T S Hamilton, H E Longe- 
NECKFn, E McHemii 

PAST OFFICERS 

1933 L B Mendel, President, H C SuermaN, 
Vice-President, J R Muiilin, Secretari -Treas- 
urer, E F DuBois,M S Rose, Couneilors 1934 
J R Murlin, President, E F DuBois, Vice- 
President, IciE G Maci , Sccrotarj , W M 
Bootubt, Treasurer, V H Smith, Agnes Fa\ 
Morgan, R M Bethke, Councilors 1935 J R 
Murlin, President, E F DuBois, Vice-President, 
IciE G Mact, Socrctarj , G R Cottgill, Treas- 
urer, A H Smith, R M BetiikeL A Mainard, 
Councilors 193GE F DuBois, President, M^na 
Swartz Rose, Vice-President, G R Con gill. 
Treasurer, Icie G Mact, Secretary, R M 
Bethke, L A Matnard, C A Eltohjem, 
Councilors 1937 JIart S Rose, President, E 
V McCollum, Vice-President, G R Cow gill. 
Treasurer, Icie G Mact , Secrctarj , L A Mat- 
NARo, C A Eu-raHjEM, P E Howe, Councilors 
1938 E V McCollum, President, T M Carpen- 
ter, Vice-President, G R Cowgill, Treasurer, 
L A iLATNARD, Secretarj , G A Elvehjem, P 
E Howe, Helen S Mitchell, Councilors 1939 
H C Sherman President, T M Carpenter, 
Vice-President, G R Cowgill, Treasurer, L A 
Matnard, Secretarj, P E Home, Helen S 
Mitchell, A H Smith, Councilors 1940 
Thorne M Carpenter, President, A G Hogan, 
Vice-President, L A Maynard, Secretary, W 
H Sebrbll, Jr , Treasurer, Helen S Mitchell, 
Arthur H Smith, Ltdia J Roberts, Councilors 

1941 A G Hogan, President, L A Matnard, 
4'ice-President, Arthur H Smith, Secretary, 
W H Sebrell, Jr , Treasurer, T H Jukes, 
Lydia J Roberts, H B Lewis, Councilors 

1942 L A Maynard, President, H B Lewis, 
Vice President, Arthur H Smith, Secretary, 
W H Sebrell, Jr , Treasurer, Lidia J Roberts, 
Genevieae Stearns, T H Jukes, Councilors 

1943 H B Lewis, President, Icie G Maci-Hoob- 
LERjVice President, Arthur H Smith, Secretary, 
Lydia J Roberts, Genevieae Stearns, T H 


Juki s, Councilors 1914 Icir G Maci-Hoobler, 
President, Wm C Rose, Vice-President, Arthur 
II Smith, Secretary, E M Nelson, Treasurer, 
Glnfvhib Stearns, T H Jukes and C A 
Elveiuem, Councilors 1946 Wm C Rose, 
President, Arthur II Smith, Vice-President, 
II E Carter, Socrctarj , E M Nelson, Treas- 
urer, T H Jukes, C A Elafiuem, D W Wool- 
let, Councilors 

CONSTITUTION 

1 The name of the proposed society is the 
"American Institute of Nutrition ” 

2 The purposes of the society are to further the 
extension of the knowledge of nutrition and to 
facilitate personal contact between investigators 
in nutrition and closely related fields of interest 

3 The management of the American Institute of 
Nutrition shall be vested in a council consisting of 
the President, Vice President, Secretary, Treas- 
urer and three additional members 

BY-LAWS 

Article I— Membership 

Section 1 Lhgibihtij for membership Members 
Qualified investigators Mho have independently 
conducted and published mentonous original in- 
vestigations m some phase of the chemistry or 
phj'siology of nutrition and Mho have shown a 
professional interest m nutntion for at least 5 
years shall be eligible for membership in the So- 
ciety 

Sec 2 Nomination Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished bj the Secretary 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting 

Sec 3 Election to membership A 4. nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibility B A majority 
of the ballots cast shall elect 

Sec 4 Forfeiture If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least tMo Meeks before 
the next annual meeting At this meeting the Sec- 
retary shall, on behalf of the Council, propose the 
expulsion, and if two thirds of the members pres- 
ent vote for it, the member shall be expelled, his 
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assessment for the current year shall be returned 
to him, and he shall cease to bo a member of the 
Society 

Article II — Meetings and Quorum 

Section 1 Annual The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation 

Sec 2 Special A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request in writing of a 
majority of the Council or fifty members of the 
Society Notice specifying the purpose of such 
meeting shall be mailed to each member at least 
ten days previous thereto The Council shall select 
the places at which meetings shall be held 

Sec 3 Quorum Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum an}' number shall be 
sufficient to adjourn to a fixed dale 

Article III — Officials 

Section 1 Officers The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 
annually, and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 
years These officers shall be elected by the mem- 
bers of the Society Their terms of office shall com- 
mence on July 1 of the year in which they arc 
elected 

Sec 2 Council The officers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
years, shall constitute a Board of Trustees and 
shall be known as ‘The Council ’ (When this pro- 
vision is first put into effect one member shall 
be elected for 1 year, one for 2 years and the third 
for 3 years ) 

Sec 3 Duties of Officers The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions 

Article IV—The Council 

Section'1 Powers The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, wffiich shall regu- 
larly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational insti- 
tution chartered by the Education Department of 
the University of the State of New York A perma- 
nent charter was issued to the American Institute 
of Nutrition under date of November 16, 1934 

Sec 2 Reports The Council shall report to the 
Society its findings on the eligibility of candidates 
for membership, and on all charges of a violation 
of these By-Laws 


Articli V — Nominating Committee 

Si ction 1 Membership A The Nominating 
Committee shall consist of fiv c members appointed 
for the coming jear l)j the retiring President 
Members who ha\c served on the Nominating 
Committee for two consecutive jears shall be in- 
eligible for reappointment until after a lapse of 
one 3 car B The President siiall designate one 
member to bo Chairman of the Nominating Com- 
mittee 

Si c 2 Nomination of Officials A The Nominat- 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the addi- 
tional positions on the Council to be filled by vote 
of the members and for each of the positions on the 
Editorial Board to be vacated at the time of the 
annual meeting Anv member of the Institute ma 3 
submit nominations to the Nominating Committee 
for its consideration along with those nominations 
made bv the members of the Nominating Commit- 
tee B The nominations bv the Nominating Com- 
mittee shall be transmitted to the Secretary at 
least SIX weeks before the annual meeting at which 
thc 3 are to be considered C Tlic Sccrctar3 shall 
send to cvcr 3 member, at least two weeks before 
the annual meeting, a printed ballot containing the 
list of nominees and space for such additional 
names ns the member wislics to propose, and at 
the same time shall notif 3 the members that they 
ma 3 vote bv mail, returning to the Secrctar 3 the 
marked ballot in the envelope provuded, at such a 
time and place ns the Secrctar} ma 3 designate, or 
the ballot ma} be dchv cred to the Secretar} at the 
beginning of the business session at which the elec- 
tions arc to take place 

Sec 3 Election of Officials A At the beginning 
of the business session the Secretary shall present 
to the tellers, appointed b} the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwnth B Amajorit} of votes 
cast shall be necessary to elect an official 

Sec 4 Filling of Vacancies A The Nominating 
Committee shall fill all vacancies m elective posi- 
tions except such as ma 3 ’’ occur at a meeting of the 
Society B The President of the Society shall fill 
all vacancies in appointive positions 

Article VI — Financial 

Section 1 Dues The dues shall be the annual 
cost of subscription to The Journal of Nutrition 
for members plus an annual assessment which shall 
be deternuned by majority vote at the annual 
meetings, upon recommendation of the Council, 
and shall be due within a month after the annual 
meeting A member on attaimng the age of 65 may 
elect to be relieved from all financial obligations to 
the Institute including subscription to the Journal 
of Nutrition 
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Sic 2 expenditures No c\pcnditurcs from the 
gcncrnl funds of the Socictj except those required 
in the perforni'ince of the ordinnrj ofRciil duties 
shill be made except b> x otc of the Socictj or tho 
Council 

Sfc 3 Pcnallu for non-payment of dues A 
Members in arreirs for dues for two consccutno 
jcirs shill forfeit their membership B Dclm- 
quont members max be reinstated by tho Council 
proxidcd ill indebtedness to the Sociotj is liqui- 
ditcd 

Auticlf Vll—Thc Journal of Innutrition 

Sectiox 1 The American Institute of Nutrition 
designates Tho Journal of Nutrition ns its official 
organ of publication 

Sfc 2 In accordance with the expressed wish of 
the Wistar Institute of Anatomj and Biologj, 
owner and publisher of The Journal of Nutrition, 
the American Institute of Nutrition shall nomi- 
nate members of the Editorial Board for its official 
organ A Tho editorial management of The Jour- 
nal of Nutrition shall be vested in an Editorial 
Board consisting of an Editor and twelxe Board 
Members B The Editor shall be chosen by the 
Editorial Board to serve a term of five j cars begin- 
ning Julj 1 of the jear in which he is chosen, and 
shall bo eligible for rcelection Tho Editor shall 
hax e the power to designate one of the Board Mem- 
bers to serxe as his assistant, and such an ap- 
pointee shall be called Associate Editor C Three 
members of the Institute shall be nominated by the 
Nominating Committee for membership on the 


Editorial Board each year to serve a term of four 
years, replacing three retiring members and taking 
office May 1 of the year m which they are elected 
In the event of a vacancy in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each such 
xacancy to be filled shall make an additional nom- 
ination In this event tho nominees elected who 
receive the greatest number of votes shall serve 
the longest term of vacancies to be filled D Re- 
tiring members of the Editorial Board shall not be 
eligible for renomination until one year after their 
retirement . 

Artici-c VIII — Papers on Scientific Subjects 

Section 1 The Secretary shall be authorized 
to arrange programs for the scientific sessions at 
the annual meetings 

Article IX — Changes in Constitution and 
By-Laws 

Section I Proposed changes in the Constitution 
and B> -Laws must be sent in wnting to the Secre- 
tarj at least one month before the date of the 
meeting at which they are to be considered, and 
must be signed by at least three members The 
Secretary shall send a pnnted copy of anj pro- 
posed change to each member at least two weeks 
before the next meeting and shall notify all mem- 
bers that they may vote by proxy 

Sec 2 If at this meeting two-thirds of the votes 
cast shall favor the proposed change, it shall be 
made 
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CONSTITUTION AND BY-LAWS 
Adopted April 6, 1917 

AnTICLE I 

Section 1 This Association sliall be called “The 
American Association of Immunologists “ 

Sec 2 The purpose of the Association shall be 
to study the problems of immunology and its np- 
phcation to clinical medicine 

Article II 

Section 1 The Association shall be governed by 
a Council of seven, nhicli shall consist of llic 
officers of the association and enough active mem- 
bers to make a total of seven members 

Sec 2 The officers of the Association shall be a 
President, a Secretary, and a Treasurer, nho shall 
be nominated annually by the Council, and elected 
by the Society to serve for one year Nominations 
of officers may be made also by members of the 
Society 

Sec 3 No councilor is eligible for re-election 
until after one year, except the Secretary and the 
Treasurer, who are eligible for re-election 

Sec 4 If any councilor nithout good and suf- 
ficient reason fails to attend t\\ o consecutive meet- 
ings of the Council he shall bo considered to have 
resigned 

Sec 5 The same person shall not serve as Presi- 
dent more than one year consecutively 

Sec 6 It is the duty of the Council to conduct 
the business of the Association and to elect the new 
members Should a vacancy occur in the Council 
otherwise than by the expiration of the term of 
service, the Council may elect a member to serve 
for the unexpired portion of the term 

Article III 

Section 1 Active Members Any one actively 
engaged in the systematic study of problems re- 
lating to immunology shall be eligible to active 
membership 

Article IV 

Candidates for membership shall be nominated 
by two active members of the Association who 
shall present in writing to the Council evidence of 
the fitness of the candidates to become members of 
the Association 

Article V 

If a majority of the Council shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each active member at least two weeks 
before the next annual meeting At this meeting 
the Secretary shall, on behalf of the Council, pro- 
pose the expulsion, and if two-thirds of the mem- 
bers present vote for it, the member shall be 


expelled, his assessment for the current j car shall 
bo returned to him, and he shall cease to be a 
member of the Society 

Article VI 

Si CTiON I A quorum of the Council for the 
transaction of all business shall be three 

Sec 2 Anj number of members present at the 
time appointed for the annual meeting of the Asso- 
ciation, shall constitute a quorum 

BY-LAVS 

1 A regular meeting of the Association shall bo 
hold annually at such time aijd place as the Council 
shall determine 

2 Special meetings of the Association maj be 
held at the discretion of the Council 

3 These regular and special meetings shall be 
open to all members of the Vssociation 

4 A meeting of the Council shall be held shortly 
before each annual session of the Association 

I Hereafter each Councilor shall serve for a 
period of six years Under this rule the service of 
one member and also that of the Secrctarj -Treas- 
urer terminates at the meeting of 193C At that 
meeting t\\ o members shall be elected to the Coun- 
cil, one of w horn may son c as Secrctarj -Treasurer 
Thereafter the period of service of these two mem- 
bers shall run concurrentlj , hence, two members 
must be elected to the Council cverj six years in 
order to maintain a membership of seven 

C Past Presidents arc honorarj’ members of the 
Council 

7 The titles of all communications to be pre- 
sented before the Association shall be approved by 
the Council 

8 Failure of an active member to offer a paper at 
least once in three j ears shall be eqmvalent to 
resignation If in its judgment there is sufficient 
reason the Council may , in indivndual cases, sus- 
pend this rule 

9 The dues of the Association shall be fixed 
annually by the Council 

10 Failure to pay dues for three successive years 
shall constitute annulment of membership 

II The constitution and by-laws may be 
amended by a tvv o-thirds vote of the active mem- 
bers present at any regular meeting 

12 No amendment shall be adopted at the meet- 
ing at which it is proposed 

13 The Journal of Immunology, which is the 
property and official organ of this Association, 
shall be administered for the Association by an 
editorial staff to consist of an Editor-in-Chief and 
at least three Associate Editors, wath the advice of 
a Board of Editors 

14 The members of the editorial staff shall be 
elected or may be removed by a majority vote of 
the Council of the Association 



ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


463 


ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 

The parenthesis following each listed name gives the Society affiliation and year of election 

(1) The Vmorioan Phj siological Society 

(2) The American Society of Biological Chemists 

(3) The American Society for Pharmacology and Evpenmcntal Therapeutics 

(4) The American Society for E\pcnmcntal Pathology 

(5) Ihe American Institute of Nutrition 

(G) The Vmoncan Association of Immunologists 


HONORARY MEMBERS 

Adrian, E D Dept of Ph>siolog>, Cambridge 
Uimcrsita , Cambridge, England (1, 19-10) 
Barcroft, Sir Joseph Dept of Plij siologj , Cam- 
bridge Unucrsita, Cambridge, England (I, 
1946) 

Castaneda, M Rniz, M D Invcstigacioncs Medi- 
cos, Hospital General, Mexico, D F Director, 
Dcpartmcnl of Medical Research (6, 1942) 
Chopra, R N , M \ , M D , Sc D (Cantab), 
FRCP (London) PIE School of Tropical 
Medicine, Calcutta, India Director, Professor 
of Pharmacology (3, 193S) 

Dale, H H Medical Research Council, National 
Institute for Medical Research, Hampstead, 
London, N W 3, England Director, National 
Institute for Medical Research (3, 1926) 
Hektoen, Ludvig, M D C29 S Wood St , Chicago, 
111 President, Chicago Tumor Institute (G, 
1919) 

Hitchens, Arthur P , M D Medical School, 
Hmversitj of Penns>lvanin, Philadelphia Pro- 
fessor of Public Health and Preventive Medicine, 
Lt Col,MC ,VS A (C, 1913) 

Honssa>, Bernardo A , M D Vinmonte 2790, 
Buenos Aires, \rgentina Director, and Professor 
of Physiology (1, 1942) 

Huntoon, F M , M D Woodbridge, Conn (G, 
1918) 

Krogh, August Juliane Marariesvej 34, Copen- 
hagen, Denmark (1, 1946) 

Lapicque, L Laboratory of Phj siology, The Sor- 
Ixinno, Pans, Franco (1, 1946) 

Loewi, Otto, M D New York University College 
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Orbeli, L A Academy of Sciences of the USSR, 
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Director, School of Public Health, Professor of 
Epidemiology, School of Public Health (6, 
191S) 

Sherrington, Sir Charles S , 0 M , Sc D , M D , 
F R S “Broomside,” Valley Road, Ipswich, 
England Former Waynejleie Professor of Physi- 
ology, Oxford University, Former President of 
the Royal Society (I, 1904) 

Sordclh, A Institute of Bactenology, Depart- 
ment of Public Health, Buenos Aires, Argentina 
Director (6, 1942) 

MEMBERS 

Abels, Jules C , M D Memornl Hospital, 444 E 
6Sth St , New York City Assistant iiiending 
Physician (4, 1944) 

Abramson, David I , M D Mayo General Hos- 
pital, Galesburg, 111 Capl M C (1, 1937) 
Abramson, Harold A , M D 133 E 58th St , 
New York City Assistant Professor of Physi- 
ology, College of Physicians and Surgeons, 
Columbia University (1, 1930, 2, 1934) 

Abreu, BenedictE ,M S ,PhD , Division of Phar- 
macology, Univ of California Medical School, 
San Francisco Assistant Professor of Pharma- 
cology (3,1941) 

Acheson, George H , M D Harvard Medical 
School, 25 Shattuck St , Boston, Mass Associate 
in Pharmacology (1, 1942, 3, 1945) 

Adams, Georgian, M A , D So United States De- 
partment of Agriculture, Washington 25, D C 
Senior Experiment Station Administrator, Office 
of Experiment Stations (5, 1046) 

Adams, Mildred, M A , Ph D Takamine Labora- 
tory, Clifton, N J Research Chemist (2, 
1934) 

Adams, R Charles, M D , CM, MS (Anes- 
thesiology), Mayo Climc, Rochester, Mum 
Instructor tn Anestftesia, Mayo Foundation, 
University of Minnesota Member of Mayo 
Clinic Staff, Section on Anesthesia (3, 1942) 
Adams, W Lloyd, M D , Ph D , 134 Tamarack Rd , 
Stapleton 4, N Y US Public Health Service, 
Staten Island, N Y (3, 1942) 


464 


FEDERATION PROCEEDINGS 


Adams, Wright R , B S , M D Univcrsitj' of Chi- 
cago, Dept of Medicine, Cliicngo 37, 111 Asso- 
ciate Professor of Medicine (1, lOlG) 

Addis, Thomas, M D , M R C P Lane Hospital, 
San Francisco, Calif Professor of Medicine^ 
Stanford University (1, 1922) 

Addison, William H F , M D School of Medi- 
cine, Universitj'' of Pennsylvania, Philadelphia 
Professor of Histology and Embryology (1, 
1928) 

Ades, Harlow Whiting, PhD Bo\ 731, Emory 
Unuersit}, Ga (1, 1945) 

Adler, Harr\ F , M S , Fh D ASN 7S2S S Kings- 
ton A\ e , Chicago 40, 111 (1,1913) 

Adolph, Edward Frederick, Ph D School of 
Medicine and Dentistry, University of Roches- 
ter, Rochester, N Y Associate Professor of 
Physiology (1, 1921) 

Adolph, William H , Ph D Yciiching University, 
Peiping, China (2, 194G, 5, 1934) 

Ahlquist, Raymond P , MS, Ph D Dept of 
Pharmacology, Univ of Gcoigia School of Medi- 
cine, Augusta Assistant Professor of Pharma- 
eologij (3, 1945) 

Albanese, Anthonj A , Ph D G-7 Tower Labi , 
Children’s Medical Service, Bellevue Hospital, 
New York, N Y Assistant Professor of Pedi- 
atric Biochemistry, New Yorl University College 
of Medicine (2, 1944) 

Albritton, Errett C , M D George Washington 
University Medical School, 1339 H St , N W , 
Washington, D C Professor of Physiology and 
Head of the Department of Physiology (1, 1933) 
Alexander, Robert S , A B , M A , Ph D School 
of Medicine, Western Reserve Univ , 2109 Adel- 
bert Road, Cleveland, Ohio Instructor in Physi- 
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New' Scotland Ave , Albany, N Y (1> 1937) 
Barron, Donald H , MS, Ph D , M A (Cam- 
bridge) Yale University School of Medicine, 

New Haven, Conn Associate Professor of Phys- 
iology (1, 1943) 

Barron, E S Guzman, M D Dept of Medicine, 
Univ of Chicago, Chicago 37, 111 Associate Pro- 
fessor of Biochemistry (2, 1931) 
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Bartlc), S HoT^nrd, PhD Dartmouth Eye 
Institute, Dartmouth College, Hanover, N H 
Assistant Pro/cssor 0 / Research in Physiological 
Optics (1, 1935) 

Bass, Allan D , ^i S , M D Univ of Simcusc 
School of Medicine, Sj mciise, X Y Professor of 
Pharmacologii (3, 1944) 

Balcheldcr, Esther L , A M , Ph D Rhode Island 
State College, School of Vgnculluro and Home 
Economics, Kingston Head of Department of 
Home Economics (5, 1933) 

Bateman, John B, PhD Mavo Aero Medical 
Unit, Majo Clime, Rochester, Minn Associate 
(1, 1945)" 

Bates, Robert B , Ph D E R Squibb and Sons, 
Biological laboratories. New Brunsniciv, X J 
Head, Endocrine Products Dept (2, I93C) 
Batterman, Robert C , M D Xen York Umver- 
sitv College of Medicine, 477 First Avc , New 
York Citj Instructor in Therapeutics (3, 
1941) 

Baudisch, Oskar, Ph D Saratoga Springs, X Y 
Director of Research, Saratoga Springs AuthoT~ 
ity, State of New York (2, 1931) 

Bauer, J H , M D The Rockefeller Foundation, 
20 Rue de la Baumc, Pans, (S') France (4, 
1935) 

Bauer, alter, M D Massachusetts General 
Hospital, Boston Associate Professor and Tu~ 
lor in Medicine, Harvard Medical School, 
Coloncl,MC, Army Service Forces Hg Sth Service 
Command, Dallas, Texas (1, 1929) 

Bauman, Louis, M D Presbyterian Hospital, 
XevT Aork Citj Assistant Professor of Clinical 
Medicine, Columbia University (2, 1912) 
Baumann, Carl A , MS, Ph D Biochemistry 
Dept , University of Wisconsin, Madison 
Professor of Biochemistry (2, 193S,5, 1938) 
Baumann, Emil J , Ph D 7 Church Lane, Scars- 
dale, N Y’ Chemist, iUonte^ore Hospital (2, 
1922) 

Baumberger, J Percy, MS, Sc D Stanford 
University, Calif Professor of Physiology 
(1. 1921) 

Baxter, James G , Ph D 228 Sagamore Drive, 
Rochester 12, X Y Supen isor, Organic Research 
Dept , Distillalion Products, Inc (2, 1946) 
Bayne-Jones, Stanhope, M D Yale University, 
School of Medicine, New Haven, Conn Pro- 
fessoT of Bacteriology (4, 1927 , 6, 1917) 
Bazett, Henry C, MA, MD, FRCS Uni- 
versity of Pennsylvania, School of Medicine, 
Philadelphia Professor of Physiology (1, 
1921) 

Beach, Eliot F , Ph D 660 Frederick St , Detroit 
2, Mich Assistant Director, Research Laboratory, 
Children’s Fund of Michigan (2, 1941 , 5, 1942) 


Bcnn, John W , M S , Ph D , M D University 
of Michigan, Ann Arbor Professor of Physiol- 
ogy (1, 1932) 

Beard, Howard H , M A , Ph D Chicago Medical 
School, 710 S Wolcott Avc , Chicago, 111 Profes- 
sor of Biological Chemistry (2, 1928, 5, 1933) 

Beard, Joseph W , M D Duke Hospital, Durham, 
N C Associate Professor of Surgery (4, 1938, 
6, 1940) 

Bcazcll, James Myler, Ph D , M D 104 South 
Michigan Avc , Chicago, 111 Instructor in Physi- 
ology and Pharmacology, Northiveslern Untv 
School of Medicine (1, 1939) 

Beck, Claude S , M D Lakeside Hospital, Cleve- 
land, 0 Professor of Neurosurgery, Western 
Reserve Uniicrstly, Associate Surgeon, Lakeside 
Hospital (4, 1930) 

Beck, Lyle V , M S , Ph D Hahnemann Medical 
College, 235 N 15th St , Philadelphia, Pa 
Associotc Professor of Physiology (1, 1941) 

Becker, R Frederick, MS, Ph D Dept of 
Vnatomv, Univ of Washington, Seattle 5, Wash 
(1. 1941) 

Becker, Theodore J , M A , Ph D Sterling-Win- 
throp Research Institute, 33 Riverside Avenue, 
Rensselaer, N Y Head, Pharmacology Section 
(3, 1944) 

Beckman, Harry, M D Marquette University 
School of Medicine, Milwaukee, Wis Profes- 
sor and Director of the Department of Pharma- 
cology (3, 1937) 

Beecher, Henry K , M D Massachusetts General 
Hospital, Boston Dorr Professor of Research in 
Anaesthesia, Harvard Medical School, Anes- 
Ihclist-in-Chief, Massachusetts General Hospital 
(3, 1940) 

Behnke, Albert R , MS, M D Xaval hledical 
Research Institute, Bethesda, Md Executive 
Director (I, 1946) 

Behre, Jeanette Allen, Ph D Department of 
Biochemistry, College of Physicians and Sur- 
geons, 630 W 168th St , New York City Associ- 
otc (2, 1925) 

Belding, David L , M D Boston University- 
School of Medicine, Boston, Mass Professor of 
Bacteriology and Experimental Pathology (4, 
1927) 

Belding, Harwoods , PhD Fatigue Laboratory, 
Harvard University, Soldier's Field, Boston, 
Mass Assistant Professor of Industrial Physiol- 
ogy (1, 1945) 

Bell, E T , M D 110 Anatomy Bldg , Umversity 
of Minnesota, Minneapolis Professor of Path- 
ology (4, 1931) 

Benedict, Francis Gano, Ph D , So D , M D 
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j\Iachiasport, Me Member of the A al\onal 
Aeademy of Seienees (1, 1904, 2, 190G) 
Benham, Olnc Ray, B S Connecticut, State 
Department of Health, Bureau of Laboratories, 
Hartford Chief Serologtsl (6, 1914) 

Bennett, A Lawrence, Ph D , M D College of 
Medicine, University of Nebraska, Omaha 
Professor of Physiology and Pharmacology 
(1, 1941) 

Bennett, Graniille A , M D University of Illinois 
College of Medicine, 1853 West Polk Street, 
Chicago Professor of Pathology (4, 1931) 
Bennett, Henry S , M D Alass Institutcof Tech- 
nology, Cambridge 30, Mass Assistant Professor 
of Cytology (1, 1940) 

Bennett, Leslie L , M D University of Cali- 
fornia, Berkeley 4 Assistant Professor of 
Physiology (1, 1945) 

Bennett, Mary Adelia, M A , Ph D Lankenau 
Hospital Research Institute, Philadelphia, Pa 
Research Biochemist (2, 1941) 

Benson, Clara C , Ph D 160 Dorset St , West, 
Port Hope, Ontario, Canada Professor Emeri- 
tus of Food Chemistry, University of Toronto 
(2, 1906) 

Berg, Benjamin N , M D 630 W 108th St , 
New York City Associate in Pathology, 
Columbia University, College of Physicians and 
Surgeons (4, 1928) 

Berg, Clarence P , M A , Ph D Chemistry De- 
partment, State University of Iowa, Iowa City 
Professor of Biochemistry (2, 1933 , 5, 1936) 
Berg, William N , Ph D 225 W 106th St , New 
York City Biochemist (2, 1906) 

Bergeim, Olaf, M S , Ph D 1853 W Polk St , 
Chicago, 111 Associofe Professor of Physiologi- 
cal Chemistry, University of Illinois College of 
Medicine (1, 1916, 2, 1914) 

Bergmann, Werner, Ph D Sterling Chemistry 
Building, Yale University, New Haven, Conn 
Associafe Professor (2, 1934) 

Berkson, Joseph,M A ,M D ,D Sc Mayo Clinic, 
Rochester, Minn (1, 1933) 

Bernheim, Frederick, PhD Box 3109, Duke 
Medical School, Durham, N C Professor of 
Pharmacology (2, 1933, 3, 1935) 

Bernthal, Theodore G , MS, M D Dept of 
Physiology, Medical College, State of South 
Carolina, Charleston 16, S C Professor of 
Physiology (1, 1932) 

Berry, George Packer, M D University of 
Rochester, Rochester, N Y Assistant Dean, 
Professor of Bacteriology, Associate Professor of 
Medicine (4, 1938, 6, 1934) 

Bessey, Otto A , Ph D Public Health Research 
Institute of the City of New York, Inc , Foot 
of E 15th St , New York City Member of the 


Institute, Chief of the Division of Autiilion and 
Physiologu (2, lOJS, I, 1913; 

Best, Charles Herbert, C B E ,M A ,M D , D Sc 
(Ixiiidon), D Sf (Cluuigo),! RS I R 1’ C(c), 
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Bethcll, Frank H , M D 109 Lcnancc Drive, 
Ann Arbor, Mich Associate Professor of Inter- 
nal Medicine and Assistant Director of the 
Thomas Henry Simpson Memorial Institute 
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Beulner, R , M D , Ph D 235 N 15th St , 
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Bietcr, Raymond N , M D , Ph D University of 
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Department, Parke, Davis & Co , Detroit, 
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Bischoff, Fritz E , M S , Ph D Cottage Hospital, 
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(2, 1928, 5, 1933) 

Bishop, George H , Ph D Washington Univer- 
sity Medical School, Euclid and Kingshighway, 
St Louis, Mo Professor of Bio-Physics (L 
1923) 

Biskind, Gerson R , M D Mt Zion Hospital, 
San Francisco, Calif Pathologist, Mt Zion 
Hospital, Clinical Instructor in Pathology, 
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Unncrsily of Cahfornta Mcdtcal School (1, 
1944) 

Black, Edgar C , Ph D Dept of Phj siology, 
Dalhousio Uim , Ilalifnv, No\n Scolin, Canada 
(1, 1943) 

Blair, Edgar A , M S , Ph D U S Armj , General 
Section T I S , Fort Bcnniiig, Gn Ll Col (1, 
1936) 

Blair, Henr) A , M Sc , Ph D University of 
Rochester School of Medicine and Dentistry, 
Rochester, N Y Associate Professor of Physi- 
ology (1, 1934) 

Blake, Francis G, MD, MA (hon ), ScD 
Yale Unu crsity School of Medicine, New Haven, 
Conn Dean and Sterling Professor of Medicine 
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Blanchard Ernest B , Pli B , MS, Ph D 
Sclneffclin and Co , 30 Cooper Sq , New \ork 3, 
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Blankcnhorn, M A , M D Univcrsitj of Cin- 
cinnati, Cincinnati, 0 Professor of Medicine 
(4, 1932) 

Blalherwick, Norman R , MS, Ph D , Sc D 
Metropolitan Life Ins Co , 1 Madison Ave , 
New York Citj Director of Biochemical 
Lahoratory (1, 1915, 2, 1915, 5, 1934) 

Blau, Nathan F , Ph D , Dept of Clicmistri , Lni 
\ersita of Notre Dame, Notre Dame, Indiana 
Research As'ocintc in Organic Chemistry (2, 
192S) 

Blish, Morris J , M A , Ph D Ammo Products 
Company, Rossford, 0 Research Director (2, 
1944) 

Bliss, Chester Ittner, Ph D Conn Agr Expt 
Sta , P 0 Box 1106, New Haven Biomelneian, 
Lecturer in Biometry, Yale Uniiersity (3, 
1944) 

Bhss, Eleanor A , Sc D Department of Preven- 
tive Medicine, Johns Hopkins Hospital, 615 
N Wolfe St , Baltimore, Md Associate m 
Preieniive Medicine, Johns Hopkins University, 
School of Medicine (G, 1931) 

Bloch, Konrad, Ph D Institute of Radiobiology 
and Biophysics, Umversitj of Chicago, Chicago, 
Illinois Assistant Professor of Biochemistry 
(2, 1944) 

Block, Richard J , Ph D 15 Cooper Rd , Scarsdale, 
N Y Director of Research, C M Armstrong 
Co , Associate, Department of Physiology and 
Biochemistry, Neiv York Medical College, Flower 
and Fifth Avenue Hospital (2, 1934 , 5, 1933) 

Block, Walter D , M S , Ph D University Hos- 
pital, Ann Arbor, Mich Assistant Professor of 
Biological Chemistry, Rackham Arthritis Re- 
search Unit (2, 1942) 

Bloom, William, M D 1419 E 66th St , Chicago, 
111 Professor of Anatomy, University of Chi- 
cago (4, 1930) 


BIoomBcId, A L , M D Stanford University 
Hospital, San Francisco, Calif Professor of 
Medicine (3, 1927 , 4, 1927) 
nioor, W R A M , Ph D , LL D Si hool of Mcdi- 
eiiie and Dentistrj, Univcrsiti of Rotlicster, 
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Blum, Harold F , Ph D Naval hledical Research 
Institute, National Naval Medical Center, 
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School Li Col VC (1, 1927) 

Blunt, Katharine, Ph D , LL D 3S Glenwrood 
A\e, New London, Conn President Emeritus, 
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Bock, Joseph C , Cli E , Ph D 2324 N 46th St , 
Milwaukee 10, Wis Professor Emeritus of Bio- 
chemistry, Marquette Untv Medical School, 
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1916) 

Bodansky, Aaron, Ph D Hospital for Joint Dis- 
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Biological Ckemtsl (2, 1926) 

Bodansk), Oscar, Ph D , MD Department of 
Pharmacologj , 1300 A’ork Avenue, Cornell Uni- 
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Research Associate in Pharmacology (2, 1937,. 
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Bodine, Joseph Hall, Ph D State University of 
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tory, Yale University, New Haven, Conn 
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Bogeri, L Jean, Ph D Hotel Claremont, Berkeley,. 
Cahf (2, 1917) 
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National Academy of Sciences (2, 1925) 
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Minn Associate in Division of Experimental 
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of Physiology, Mayo Foundation, University of 
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Research Laboratories, Ivalamazoo, Mich A>!- 
stsiant Dcpl Head, Baclcrioloqu Research (G, 
1939) 

Booher, Lela E , Ph D General Mills, Ine , Min- 
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Bookman, Samuel, M A , Ph D G24 Madison 
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fessor of Experimental Metabolism, Mayo 
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Bordley, James, III, M D Johns Hopkins Hos- 
pital, Baltimore, Md Associate Professor of 
Medicine, Johns Hopkins University (1, 1938) 
Borsook, Henrj, jM D , Ph D California Insti- 
tute of Technology, Pasadena 4 Professor of 
Biochenmlry (2, 1931) 

Bosworth, Alfred Willson, A M , M D R D 4, 
Circleville, 0 Consulting Chemist (2, 193G, 
5, 1935) 

Bott, Ph)llis A , M S , Ph D Woman’s hlcdical 
College of Pennsylvania, East Falls, Philadel- 
phia Associate Professor of Physiological 
Chemistry (2, 1938) 

Boucher, Robert V , M A , Ph D 303 Frear Labs 
State College, Pa Professor of Agricultural and 
Biological Chemistry (5, 1945) 

Bouman, H D , M D Northwestern Univ Med 
School, 303 E Chicago Ave , Chicago, 111 As- 
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ology (1, 1943) 

Bourne, Wesley, MD, CM, MSc, FRCP, 
DA (R C P & S , Eng ) McGill University, 
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Dept of Pharmacology and Therapeutics (3, 
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Bourquin, Helen, M S , Ph D 1331 N Tejon St , 
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Bowman, Donald E , A M , Ph D 6956 Warwick 
Rd , Indianapolis, Ind Assistant Professor of 
Biochemistry, Indiana Univeisity School of 
Medicine (2, 1944) 

Boivman, Katherine L , B A 20 Plaza Street, 
Brooklyn 17, N Y (6, 1946) 

Boxer, George E , Ph D 328 West lOSth Street, 
New York 25, N Y Senior Chemist, Research and 
Development Division, Dept of Biochemistry, 
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Bojd, Eldon M, MA, MD, CM Queen’s 
University, Kingston, Ontario, Canada Pro- 
fessor and Head of the Department of Phar 
niacology (3, 1911) 

Bojd, T E , Ph D 706 S Lincoln St , Chicago, 
111 Professor of Physiology, Loyola University, 
School of Medicine (1, 1921) 

Bojd, William C , A M , Ph D Boston Univer- 
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Boston, hlass Associatr Professor of Bio- 
chemistry (2, 1910, G, 1933) 

Bojden, Eduard A , AM, Ph D University of 
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and Chairman of the Department (I, 1929) 
Bojer, Paul D , M S , Ph D Division of Agric 
Biochem , Universitj of lUinnesota, St Paul 
Assistant Professor (2,1911) 

Bojle, Paul E, DMD School of Dentistry, 
University of Pennsylvania, 40th and Spruce 
Sts , Philadelphia 4 Professor of Oral Pathol- 
ogy (4, 1039) 

Bozler, Emil, Ph D Ohio State University, 
Columbus Associate Professor of Physiology 
(1, 1932) 

Bradbury, James T , M S , ScD Dept of Obstet- 
rics and Gynecology , University Hospitals, Iowa 
City' Assistant Professor of Obstetrics and Gyne- 
cology (1, 1941) 

Bradley, Harold C , I’h D Memorial Institute 
Bldg , Madison, Wis Piofcssor of Physiological 
Chemistry, Unit crsity of 11 isconsin (1, 1911 , 2, 
1908) 

Bradley , William B , Ph D American Institute 
of Baking, 1135 Fullerton Ave , Chicago, 111 
Director of the Laboratories (1, 1939) 

Branch, Charles F , M D Children’s Hospital, 
Boston, jMass Director (4, 1940) 

Branch, E Arnold G , M D Bureau of Laborato- 
ries, General Hospital, St John, N B Acting 
Director, Bureau of Laboratories, New Bruns- 
wick Department of Health (4, 1929) 

Brand, Erwin, PhD 630 W 16Sth St, New 
York City Associate Professor of Biological 
Chemistry, Columbia University (2, 1929) 
Brandes, W W , M D Roosevelt Hospital, W 
59th St , New York City (4, 1931) 

Branham, Sara E , Ph D , M D , So D National 
Institute of Health, Bethesda, Md Senior 
Bacteriologist (6, 1926) 

Branion, Hugh Douglas, M A , Ph D Ontario 
Agricultural College, Guelph, Canada Professor 
and Head of Dept of Animal Nutrition (5, 
1933) 

Brassfield, Charles R , Ph D University o 
Michigan, Ann Arbor Associate Professor of 
Physiology (1, 1937) 

Bratton, Andrew Calvin, Jr , M A , Ph D Re- 
search Laboratories, Parke, Davas and Co , 



ALPII VBKTIC VL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


471 


Detroit, 32, Mich Director of Pharmacological 
Research (3, 1011) 

Braun, Herbert A , Ph D Food A Driip Adniinis- 
tntion, Fcdcnl Scciint\ Agoncj, ^^nslnngton, 
D C Associate Pharmacologist (3,1911) 
BtcMcr, George, MD UnncrsiU of Pciinsjl- 
lanm, School of Medicine, Philndclphm ylssist- 
ant Professor of Physiologij (1, 1937) 

Bridge, Edward M , M D 219 Brjnnt St , Buffalo, 
X Y Research Professor, Department of 
Pediatrics, Univ of Buffalo (2, 1910) 

Bnggs, A P , hi D Unucrsitj of Georgia, 
Augusta Associate Professor m Btochemtstry 
and Medicine (2, 1923) 

Bnggs, Band, R , hi S , Ph D Dnision of Agn- 
cultunl Biochciiiistn , Unuersiti Farm, Um- 
aetsiU of hlimicsotn.St PaulS.hlitin Professor 
of Igriciiltiiral Biochcmistri/, Chemist, Miiin 
Agnciilliirc Experiment Station (2, 191G) 
Brink, Frank, Jr , Ph D Johnson Research 
Foundation, Unnersitj of PcnnsyUainin, Phila- 
delphia Fellow in Medical Physics, Johnson 
Research Foundation, Lecturer in Biophysics, 
Graduate School, Unncrsily of Pennsylvania 
(1, 1942) 

Bnnkhous, K M , hi D Dept of Pathologi , School 
of Medicine, Cliapol Hill, K C \ssocialc Pro 
fessoT of Pathology (4, 1939) 

Britton, Sydney W , hi D University of Vir- 
ginia School of Medicine, University Professor 
of Physiology (1, 1925) 

Brobeck, John R , hi D , Ph D Yale University 
School of hledicme, Now Haven, Conn Instruc- 
tor, Laboratory of Physiology (1, 1943) 

Btodie, Bernard B , Ph D Non York Unuersity 
Research Sen ice, Goldiiatcr Memorial Hospital, 
heu York Citj Research Associate in Bio- 
chcimsiiii, Assistant Professor of Pharmacology, 
Neil A or} Vniicrsity Medical College (2, 1940, 
3, 1945) 

Brody, Samuel, hi A , Ph D Dairy Building, 
Lnnersitj of hlissoun, Columbia Piofcssor of 
Dairy Husbandry, College of Agncultvrc and 
Igricultural Experimentation (2, 1929, 5, 1933) 
Bronfenbrenner, J J, PhD, DPJi Wash- 
ington Umversity School of Medicine, St Louis, 
hlo Professor of Bacteriology and Immunology 
(4, 1940, 6, 1918) 

Bronk, Detlev W , hi S , Ph D , Sc D The El- 
dndge Reeves Johnson Foundation for hledical 
Physics, Umversity of Pennsylvania, Philadel- 
phia Johnson Professor of Biophysics and 
Director, Johnson Foundation, Member National 
Academy of Sciences (1, 1927) 

Brookes, Margaret C Hessler, AM, Ph D 
Umversity of Chicago, Chicago, HI Assistant 
Professor, Department of Home Economics 
(5, 1935) 


Brooklinrt, John M , B A , hi S , Pli D 1940 W 
Eddy St , Chicago 13, Illinois Assistant Pro- 
fessor, Physiologu, Loyola Univ (1, 194G) 
Brooks, Chandler McCuskey, hi A , Ph D Jolins^ 
Hopkins University' School of hlcdicine, Balti- 
more, hid Associate Professor of Physiology 
(1. 1934) 

Brooks Clyde, Ph D , hi D , LLD 139 East 3Gth 
St , New \ork 10, N Y Professor of Physiology 
and Pharmacolagy, Lssex College of Medicine and 
Surgery (1,1910,3 1912) 

Brooks, Matilda Moldenhauer, hi & , Ph D 
Department of Zoology , Umversity of Cali- 
fornia, Berkeley Research Associate in 
Biology (1, 1923) 

Brooks, Sumner Cushing, Ph D University' of 
California, Berkeley Professor of Zoology 
(1, 1923) 

Broun, Goronwy Owen, MD 1325 S Grand 
Blvd , St Louis, Mo Professor of Inlernal 
Medicine, St Louis University (4, 1927) 

Brown, Claude P , M D Penn State Board of 
Health, Bureau of Laboratories, 34th and Locusts 
Sts , Philadelphia, Pa , Director (G, 1913) 
Brown, Dugald E S , hi A , Ph D New Y'ork 
University College of Dentistry, 209 E 23rd St , 
New York City Professor of Physiology 
(1. 1932) 

Brown, Edgar D , Pharm D , hi D Pay nesville, 
hlinn Associate Professor of Pharmacology 
Emeritus (1, 1907, 3, 1909) 

Brown, Ethan Allan, L R C P (Eng ), ARCS 
(London), 75 Bay State Rd , Boston, Mass Lec- 
turer in Medicine, Tufts College Medical School, 
Physician in chief, Allergy Clime, Boston Dis- 
pensary (6, 1946) 

Brown, Frank A , Jr , M A , Ph D Zoological 
Laboratories, Northwestern Umversity, Evan- 
ston, B1 Associate Professor of Zoology 
(1, 1940) 

Brown, John B , MS, Ph D Ohio State Uni- 
versity, Columbus Professor of Physiological 
Chemistry (2, 1927 , 5, 1934) 

Brown, R A , hi S , Ph D , The Research Labora- 
tories, Parke Davis and Co , Detroit 32, Mich 
Head, Division of A^iiinttonal Research (5, 
1946) 

Brown, Rachel, hi S , Ph D 26 Buckingham 
Drive, Albany, N Y Senior Biochemist, 
Division of Laboratories and Research, New Yorh 
Stale Department of Health (G, 1933) 

Brown, Robert V , PhD Unuersity of North 
Dakota, Grand Forks Professor of Physiology 
and Pharmacology (1, 1945) 

Browne, J SL,hID,PhD,FRSC Umver- 
Bity Chmc, Royal Victona Hospital, hlontreal, 
Canada Assistant Professor of Medicine, Mc- 
Gill University (1, 1934) 
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Brownell, Katharine A , hi A , Ph D Dcpirlmcnt 
of Physiolog}', Ohio State University, Columbus 
Research Associate (1, 1943) 
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60 E 58th St , New York City Director, De- 
partment of Allergy, Roosevelt Hospital (6, 
1920) 

Coohdge, Thomas B , hi D , Ph D Abbot Hall, 
University of Chicago, Chicago 37, 111 Asso- 
ciaie Professor of Biochemistry and Walter 
Zoller Memorial Denial Clime (2, 1942) 

Coon, Julius M , Ph D Dept of Pharmacology, 
Univ' of Chicago, Chicago 37, 111 Jnsti actor m 
Pharmacology (3, 1941) 

Coons, Calhe Mae, Ph D Bureau of Human N u- 
tntion and Home Economics, U S Dept of Agri 
culture, Washington, D C Assistant uej- 
(5, 1933) _ ,, 

Cope, Otis M , M D New York Medical College, 
Flower and Fifth Avenue Hospitals, Fi ti ve 
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it lOGtU St , New \ork Cit\ Professor of 
Phiwlogii and Biochetmslrn (1, 1'120) 

Copies, Alfred Lew in, MU T vl)ontor\ of Cellu- 
hr rh\sioloi;\, Dept of 13iolnp\ , >,e\\ York 
Liuv , Biihinpton 'squire, Xcw \ork 3, X V 
Research Issoeinle 0, lUt) 

Corbin, Kendall B , MU Oiq SOlh St , S W , 
Bocliester Minn (1, 1011) 

Corcoran, Arthur Curtis, C M , M D Clcv eland 
Clinic I oiiiidation, Clc\eland G, O (1, 1010) 
Corey, Edward Ljman, Ph D School of Medi- 
cine, Unncrsita of Virginia, Unncrsitj As- 
sistant Professor of Physxohgtj (1, 1031) 

Con, Carl F , M D M ashington Uni\ orsity 
School of Medicine, Kingslugliwaj and Euclid 
Vac, St Louis, Mo Professor of Pharmacology 
and Bwchcmtslry, Member, Katwnal Academy 
of Sciences (2, 1925, 3, 1034) 

Con, Gerty T, MD Vnsliington University 
School of Medicine, St Louis, Mo Research 
Isfociale Professor in Rtochcmislry (2, 1927, 
3 1034) 

Corley, Ralph Conner, Ph D Department of 
Chemistry, Purdue University’, Lafavette, Ind 
Professor of Biochemistry (2, 1927) 

Cornwall, Leon, M D 55 E 76th St , Xcw Aork 
City Attending Neurologist, V Y Neurological 
Institute (6, 1920) 

Corper, Harry J , M D , Ph D 1295 Clermont 
St, Denver, Colo Director of Research, Na- 
tional Jewish Hospital (2, 1912) 

Corson, Samuel A , M S , Ph D Department of 
Physiology, University of Minnesota School of 
Medicine, Minneapolis Research Issociatc (I, 
1043) 

Co Tui, Frank, M D New York Umv ersity Col- 
lege of Medicine, 477 First Ave iNovv York City 
Associate Professor of Experimental Surgery 
(3, 1931) 

Cournand, Andre Frederic, M D Chest Service, 
Bellevue Hospital, CD Building, 1st Ave at 2Sth 
St , New York City Assistant Professor of Medi- 
cine, College of Physicians and Surgeons, Colum 
bia University (1, 1944) 

Cowgill, George Raymond, Ph D 333 Cedar St , 
New Haven, Conn Professor of Nutrition, Yale 
University (1,1923,2,1922,5,1933) 

Coi, Gerald J , M S , Ph D 200 S 7th Ave , 
LaGrange, HI Research Group Leader, Corn 
Products Refining Co (2, 1930, 5, 1935) 

Cox, Warren M , Jr , Ph D Mead Johnson & Co , 
Evansville, Ind Director of Nutritional Re- 
search (2 1935, 5, 1945) 

Craig, Francis Northrop, M A , Ph D N Y 
Umv , 477 First Avenue, New York 16, N Y 
Instructor, Physiology (1, 1946) 

Craig, L C , M S , Ph D Rockefeller Institute, 
66th St and York Ave , New York City Asso- 
ciate in Chemical Pharmacology (2, 1938) 


Crnmpton, E W , Ph D Macdonald College, 
Qiithct Cinidi Professor of McGill Univcisily, 
\utntinn (5, 1010) 

Crandall, Lnlhan A , Jr , M D , Pli D Miles 
Laliontoncs, Inc , Elkhart, Indiana (1, 1930, 
1, 1010) 

Cranston, Elirabcth M , B \ ,M S , Ph D Dept of 
Phannacologv , Umv of Minnesota Medical 
School, Minneapolis 1 1, Minn Inslniclor, Dept of 
Pharmacology (3, 1946) 

Graver, Bradford N , M V , Pli D , M D Ciba 
Pharmncciitical Products, Inr , Lafayette Park, 
Summit, New Icrsoy Senior Pharmacologist 
(3, 1940) 

Crcscitelh, Predonck, Ph B , Sc M , Ph D Dept 
of Zooiogv , Lniv of Calif , Los Angeles, Calif 
Physiologist (1, 1016) 

Cressy, Norman L , M D I'nle Univ School of 
Medicine, New Haven, Conn Fellow in Medi- 
cine (6, 1943) 

Cretchcr, Leonard H , Ph D Mellon Institute 
of Industrial Research, Univ’crsity of Pitts- 
burgh, Pittsburgh, Pa Assistant Director and 
Head of the Department of Research in Pure 
Chemistry (2, 1930) 

Crider, Joseph O , M D Jefferson Medical Col- 
lege, Philadelphia, Pa Associate Professor of 
Physiology and Assistant Dean (1, 1935) 

Crislcr, George R , Ph D , M D , V A A F 3036 
VVr Base, Yuma, Arizona Captain, Medical 
Corps (1, 1930) 

Crismon, Jefferson Martmeau, M D Stanford 
Umv ersity', Calif Assistant Professor of Physi- 
ology (1, 1944) 

Crittenden, Phoebe J , M S , Ph D Merck Insti- 
tute for Therapeutic Research, Rahway, N J 
Associate Physiologist (1, 1937, 3, 1937) 

Cromwell, Hobart W , So D Abbott Labora- 
tories, North Chicago, Rl Manager, Microbio- 
logical Research Labs (6, 1929) 

Crozier, William J , Ph D Biological Labora- 
tories, Harvard Umversity, Cambndge, Mass 
Professor of General Physiology (1, 1928) 

Cruickschank, Ernest W H , M D , D Sc , Ph D 
MRCP, FRSE Manschal College, Um- 
versity of Aberdeen, Aberdeen, Scotland Pro- 
fessor of Physiology (1, 1931) 

Csonka, F A , Ph D Bureau of Human Nutrition 
and Home Economics, U S Department of 
Agriculture, Beltsvnlle, Md Senior Chemist 
(2, 1924) 

Cullen, Stuart C , M D University Hospitals, 
Iowa City, Iowa Assistant Professor of Surgery- 
Anesthesia (3, 1944) 

Culler, Elmer A E , Ph D Umversity of Roch- 
ester, Rochester, N Y Professor of Psychology 
and Director of the Laboratory (1, 1936) 

Cunningham, Raymond W , hi S , Ph D Lederle 
Laboratories, Inc , Pearl River, N Y Bead, 
Pharmacology Research (3, 1941) 
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Cunningham, Robert Sydne j , A M , M D , Sc D 
Albany Medical College, Albany, N Y Pro- 
fessor of Anatomy and Dean (1, 1923) 
Cureton, Thomas Kirk 3r , M A , Ph D , B P E , 
MPE Umv of Illinois, School of Physical 
Education, Urbana, 111 Associnfc Professor of 
Physical Education (1, 1940) 

Curnen, Edward C , M D Yale Univ School of 
Medicine, New Haven 11, Conn (G, 1911) 
Curtis, George Morris, M A , Ph D , M D Kins- 
man Hall, Ohio State University, Columbus 
Professor of Surgery, Chairman, Department of 
Research Surgery (1, 1933, 4, 1933) 

Curtis, Howard J , M A , Ph D Dej t of Phjsiol- 
ogv, Columbia Univ College of Pin siei ms md 
Surgeons, New York, 32, N Y (1, 1010) 

Cutler, Elliott C , M D Peter Bent Brigham 
Hospital, Boston, Mass Moseley Professor of 
Surgery, Harvard Medical School, Surgeon-tn- 
Chief, Peter Bent Brigham Hospital (4, 1927) 
Cutting, Reginald A , M D , Ph D Georgetown 
University School of Medicine, 3900 Reservoir 
Road, N W , "Washington, D C Professor 
of Physiology and Director of the Department 
(1, 1939) 

Cutting, Windsor C , M D Stanford University 
School of Medicine, San Francisco, Calif As- 
sistant Professor of Therapeutics (3, 1939) 
Daft, Floyd Shelton, Ph D National Institute of 
Health, Washington, D C Senior Scicnlis' (o, 
1941) 

Daggs, Ray Gilbert, Ph D Armored Medical Re- 
search Lab , Fort Kno\, Kentucky Director of 
Reseaich (1, 1935, 5, 1933) 

Dakin, Henry D , D Sc , LL D , Ph D , F I C , 
F R S Scarborough-on-Hudson, N Y (2 
1906) 

Dalton, Albert J , M A , Ph D National Insti- 
tute of Health, Bethesda, Md Cijlologisl 
(4, 1942) 

Dam, Henrik, D Sc Biokemisk Laboratories, 
Danniarks Tekniske Hpjskole, 0stervoldgade 6 C 
Copenhagen, K, Denmark (2, 1944, 5, 1943) 
D’Amour, Fred E , M S . Ph D 2311 S Josephine 
St , Denver, Colo Associate Professor, Depart- 
ment of Zoology, University of Denver (1, 1934) 
D’Amour, Mane C , Ph D , M D 2311 So Jose- 
phine St , Denver, Colo (1, 1934) 

Daniels, Amy L , Ph D 720 N Van Buren St , 
Iowa City, Iowa Retired (2, 1919, 5, 1933) 
Danielson, Irvin S , Ph D Pearl River Apart- 
ments, Apt 3H, Pearl River, N Y Research 
Chemist (2, 1937) 

Dann, fV J , Ph D , D Sc Duke University 
School of Medicine, Durham, N C Professor of 
Nuhition (2,1937,3,1938) 

Darbj , William 3 , hi D , Ph D Vanderbilt "Umv 
School of Medicine, Nashville, Tenn 4ssociatc 
Professor of Biochemislry, Assistant Professor 
of Medicine (5, 1945) 


Dirling, RoIh r( f'roly, M D I IT Glrnwood Avc , 
L'^onii, \ J Dipl of Ml du HU (Columhia Unn 
Colli g( of l’li\ Hi( I iiiN and Surgi oii‘i, Ni w ^orl, 
12, N ^ (I, pill) 

Dnrron, Chester IV , PJi D Institute for Juve- 
nile Ilcscircli, 007 S Wolcott St , Clucago, R1 
Research Pruchologisl, iTflilulc for Jmcnilc 
Research, Ac^ociaic in Physiology, Unncrsily 
of Jllinoi’’ College of Mcdtcinc (I, 1937) 
Darrow, Daniel Cnd>, MD New Haven Hos 
pilal, New Haven, Conn Associate Professor 
of Pediatrics, Yale Unncrsily (2, 1930) 
Davenport, Horace VViIInrd, BS, B Sc (Ovon) 
Pii D Dept of Phj siologv , University of Utah, 
Slit Rake Citv 1 (1,1012) 

David, Norman Austin, MD University of 
Oregon Medical Scliool, Portland Professor of 
Pharmacology (3, 1931) 

Davidsohn, Israel, M D Mount Sinai Hospital, 
2750 W 15th Place, Chicago, 111 Pathologist 
and Director of Laboratories, Ml tSinai Hospital, 
Associate Professor of Pathology, College of 
Medicine, University of Illinois (4, 1939, G, 
1929) 

Dans, George Kelso, Pli D Nutrition Laboratoo» 
Animal Industry Dept , Agricultural E\pen- 
ment Station, Gainesville, Fla Nutritional 
1 cchnnlogist and Biochemist, Professor of A ntri- 
iion, Unit of } lortila, J I or id a Agricultural 
Experiment Station (j, 1011) 

Dans, Hallowcll, M D Central Institute for the 
Deaf, SIS S Kingshighway , St liOUis 10, Mo 
(1. 1925) 

Davis, Harrv A . M D , C M Dept of Surgery, 
College of Moclu al IN mgclists, Boy Ic and iMichi- 
gan Vvenues, Los Ingclcs 33, Calif (4> 1944) 
Davis, John Emerson, M S , Ph D Umv of 
Arkansas School of Medicine, Little Rock 
Piofcssor of Pharmacology and Physiology (L 
1941, 3, 1941) 

Davson, Hugh, M Sc , D Sc Dalhousie Univer- 
sity, Halifax NS,Cinada Associate Professor 

of Physiology (1, 1941) 

Dawson, Charles R , Ph D 411 Havemeyer mu, 

(Columbia Umvmrsity, New York 27, N V. 

ciate Professor of Organic Chemistry (2> ' 

Dawson, James Robertson, Jr , M D Van er 
blit Medical School, Nashville, Tenn Professor 
of Pathology (4, 1940) 

Dawson, Percy M , M D Duke University Medical 

School, Durham, N C Visiting Professor, Dept 

of Physiology (1, 1900) 

Day, Harry G, D Sc Indiana University, 
Bloomington Associate Professor, Dept of 
Chemistry (5, 1940) 

Day, Paul L . M A , Ph D University of Ar- 
kansas School of hledicme. Little Rock Profes 
sor of Physiological Chemistry (2, 1934, ► 

1933) 
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Dearborn, Earl II , M A , Ph D lohns Hopkins 
Unu ScboolofMctlicinCjSOO V \\nshingfon Sf , 
Baltimore 5, M(1 Jn’^truclorvi Phnrwacologii ond 
Eipcrimcntal T/icrnpculia (3, 10 IG) 
de Beer, Edmn J , Ph D The Wollconio Research 
Laboratories, Tuckahoo, N Y issislanl Director 
of Research (3, 1944) 

De Bodo, Richard C , M D 477 First Uc , Now 
YorkjX Y Associate Professor of Pharmacology, 
lYcic Yorl Unit College of itfcrltcinc (1, 1932, 
3, 1931) 

DeEds, Floyd, M k , Ph D 314 Santa Vna A\e , 
San Francisco, Calif Principal Pharmacologist, 
ITeitcni Regional Research Laboratory, SOO 
Buchanan St , Ubany, Calif (2,1937,3,1927) 
Defandorf, James Holmes, Ph D OfTico of tho 
Chief of the Chemical Warfare Service, Wash 
ington, D C Colonel, Sn C (3, 1940) 
de Gara, Paul F , M D 200 Pinchurst Avc , 
Xevr York CiU Instructor in Pathology, 
Cornell hnncrsity Medical College Physician, 
Actr lor/ Hospital (6, 1941) 

DeGraff, Arthur C , M D Xciv Fork Umversitj 
College of Medicine, Neiv York City Professor 
of Therapeutics (3, 1937) 
de Gutierrcz-Mahoney, C G,MD St lincent’s 
Hospital, Xen York, K F Director, \eurologt 
cal Dnision and h curosiirgcon in Chief (1, 
1940 , 4, 1941) 

Deichmann, 14 illiam B , M Sc Ph D 527 Me VI 
pin, Cincinnati 0 Instructor, Kettering Labo 
ratoni of Applied Phi/swiog'i Instruetor in 
Physioloay, Lnncrsityof Cineinnait, College of 
Medicine (3, 1941) 

del Pozo, E C , M D Medellin 196, Me\ico, D 
F , Meaico (1, 1943) 

Dempsey, Edward W , Sc M , Ph D Harvard 
Medical School, Boston, Mass Instructor in 
Physiology (1, 1940) 

Derbyshire, Arthur J , Ph D Way ne University 
College of Fledicine, Detroit, hlich Associate 
Professor of Physiology (1, 1939) 
de Santsch, Eugene, M D Suite 24, 1150 Con- 
necticut Ave , Washington, D C Clinical 
Instructor in Surgery, Georgetovm University 
School of Medicine (4, 1934) 

Dettwiler, Herman A , M S , Ph D Eh Lilly and 
Co , Indianapolis, Ind Research Bacteriologist, 
Biological Division (G, 1946) 

Deuel, Harry J , Jr , Ph D University of South- 
ern Cahfomia Medical School, Los Angeles 
Professor of Biochemistry -(1, 1928 , 2, 1924, 
5, 1933) 

Deulofeu, Venancio, D Chem Casilla Correo 
2539, Buenos Vires, Argentina Professor of 
Organic Chemistry, University of Buenos Aires 
(2, 1942) 

Dey, Frederick L , Ph D , M D 5928 X Paulina 
St , Chicago, 111 Ll (j g), ltS\R (1, 1945) 


Dickison, H L , M A , Pli.D Vanderbilt Univ 
School of Medicine, Nashville 1, Tennessee 
issislanl Professor of Pharmacology (3, 1946) 
Dienes, Louis, M D Massachusetts General 
Hospital, Boston Bacteriologist (G, 1924) 
DIB, Daiid Bruce, M A , Ph D Fatigue Labj , 
Soldiers Field, Harvard Univ , Boston, Mass 
Professor of Industrial Physiology (I, 1941, 
2, 1927, G, 1936) 

Dillc, James M , MS, Ph D , M D Univ of 
Mnsiungton School of Medicine, Seattle 5, Wash 
Professor of Pharmacology, Assistant Dean 
(3, 1939) 

Dillon, Robert T , M S , Ph D % G D Searle 
and Co , Bov 5110, Chicago 80, 111 Head, Ana- 
lytical Division (2, 1934) 

Dingle, John H , Sc D , M D Western Reserve 
Universitv Scliool of Medicine, Cleveland 6, 
Ohio Professor of Prcicntnc Medicine (G, 
1941) 

Di Palma, Joseph R , M D Long Island College 
of Medicme, 350 Henry St , Brooklvn, X Y 
Instructor in Medicine (1, 1943) 

Dischc, Zacharias, M D Dept of Biochemistry , 
College of Phy’sicians and Surgeons, 630 W IGSth 
St , Non York City (2, 1944) 

Dixon, Harold M, MD Capt (MC) USXR 
I S Naval Hospital, Philadelphia 4, Pa Asso- 
ciate in Pathology, Chief of the Division of Pa- 
thology, Phila General Hospital (4, 1936) 
Doan, Charles A , M D Ohio State University, 
College of Medicine, Columbus Dean, Pro- 
fessor of Medicine, Director of Medical Research 
(4, 1928) 

Dobnner, Konrad, M D Memorial Hospital, 444 
EastGSthSt ,Xev\ F’’ork21,X F'' Head, Dept of 
Research Chemistry, Memorial Hospital for the 
treatment of Cancer and Allied Diseases (2, 
1946) 

Dochez, A Raymond, M D , Sc D (hon ) Pres- 
byterian Hospital, 620 W 168th St , New York 
City John E Borne Professor of Medical and 
Surgical Research, Columbia University , Mem- 
ber of National Academy of Sciences (4, 
1917,6, 1922) 

Doban, F Curtis, M D 80 Princeton Rd , 
Cynwyd, Pa Fellow, George S Cox Medical 
Research Institute, Associate in Medicine, Uni- 
versity of Pennsylvania, Philadelphia (1, 1941) 
Doisy, Edward A , M S , Ph D , Sc D St Louis 
University School of Medicme, St Louis 4, Mo 
Professor of Biological Chemistry, Member, 
National Academy of Sciences (2, 1920) 
Dominguez, Rafael, M D Saint Luke’s Hospital, 
11311 Shaker Blvd , Cleveland, O Director of 
Laboratories , St Lithe's Hospital, Associate m 
Pathology, Western Reserve University (1, 1935) 
Donahue, D D , D Sc Division of Industrial 
Hygiene, National Institute of Health, 

Md Physiologist, T Sect, 
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of Industrial Hygiene, U S Public Health 
Service (3, 1941) 

Dooley, A1 S , M D 766 Irving Ave , Syr'icusc, 
N Y Professor of Pharmacology, College of 
Medicine, Syracuse University (3, 1923) 
Dorfman, Ralph I , Ph D Dept of Biochemistry, 
Western Reserve University School of Medicine, 
Cleveland, 0 Assistant Professor of Bio- 
chemistry (2, 1940) 

Dotti, Louis Basil, AI A , Ph D St Luke’s Hos- 
pital, Amsterdam Ave and 113th St , Ncn York 
City Chemist, St Lube's Hospital, Lecturer in 
Physiology and Biochemistry, New York Medical 
College (1, 1937) 

Doty, J Boy, Ph D American Dental Association 
Bureau of Chemistry, 222 E Superior St , Chi- 
cago, 111 Associate Chemist (2, 1941) 

Doudoroff, Michael, AI A , Ph D Dept of Bac- 
teriology, 3531 Life Science Bldg , Unn of 
Calif , Berkeley, Calif Assistant Professor of 
Bacteriology (2, 1946) 

Dounce, Alexander L , Ph D Strong Alemorial 
Hospital, 260 Crittenden Blvd , Rochester, 
N Y Instructor in Biochemistry, University of 
Rochester, School of Medicine and Dentistry 
(2, 1944) 

Dow, Philip, Ph D Umversity of Georgia School 
of Medicine, Augusta Associate Professor of 
Physiology (1, 1939) 

Dow, Robert S , AI D , Ph D University of 
Oregon Medical School, Portland Associate 
Professor of Anatomy (1, 1940) 

Downs, Ardrey W , M A , M D , D Sc , F A C P 
Umversity of Alberta, Edmonton, Canada 
Professor of Physiology and Pharmacology 
(1, 1917) 

Downs, Cora M , Ph D 1625 Alabama St , Law- 
rence, Kan (6, 1929) 

Doyle, William Lewis, AI A , Ph D 930 East 
58th St , Chicago 37, 111 Associate Professor of 
Anatomy (1, 1946) 

Drabkin, David L , M D Medical School, Uni- 
versity of Pennsylvania, Philadelphia Asso- 
ciate Professor of Physiological Chemistry (2, 
1928 , 5, 1934) 

Dragstedt, Carl A , Ph D , M D Northwestern 
University Medical School, 303 E Chicago Ave , 
Chicago, HI Professor of Pharmacology (1, 
1928, 3, 1932) 

Dragstedt, Lester R , M D , Ph D University of 
Chicago, Chicago, HI Professor of Surgery 
(1, 1920) 

Draize, J H , Ph D Division of Pharmacology, 
Food & Drug Administration, U S Dept of 
Agriculture, Washington, D C Pharmacologist 
(3, 1940) 

Drake, T G H,AIB,FRCP (c) University 
of Toronto, Toronto, Canada Junior Demon- 
strator in Paediatrics, Department of Medicine, 


University of Toronto, Clinical Assistant on 
Active Staff and Associate Director Research 
Laboratory, Hospital for Sick Children (5, 
1936) 

Draper, William B , M Sc , M D University of 
Colorado Scliool of Medicine, 4200 E 9th Ave , 
Denver Associate Professor of Physiology and 
Pharmacology (3, 1938) 

Drcisbnch, Robert H , Ph D , M D Stanford 
Unn crsitj Scliool of Medicine, San Francisco 15, 
Calif Instructor Onlcaic Cnpt ,MC,0't91982, 
Lovell General Hospital, Ft Deicns, Mass (3, 
1045) 

Drcsbach, Mchin, M S , M D Hahnemann Medi- 
cal College, Philadelphia, Pa Visiting Fellow 
in Physiology (1, 1912) 

Drejer, Nicholas Bernard, M A (0\on) School 
of Medicine, Unn ersity of Vermont, Burlington 
Associate Professor of Physiology and Pharma- 
cology (3, 1912) 

Drill, Victor Alexander, Ph D Dept of Pharma- 
cology, Yale Unn ersity School of Medicine, 333 
Cedar St , New Haven, Conn Instructor in 
Pharmacology (1, 1043, 3, 1046) 

Drinker, Cecil K, MD Harvard University 
School of Public Health, Boston, Mass Pro- 
fessor of Physiology and Dean (1, 1915) 

Drinker, Katherine R , M D Harvard School of 
Public Health, 55 Shattuck St , Boston, Mass 
Instructor in Public Health (1, 1915) 

Dnpps, Robert D , M D School of Medicine, 
University _ of Pennsylv'ania, Philadelphia 4 
Assistant Professor of Anesthesiology, Associate 
in Pharmacology (3, 1945) 

Driver, Robert L , Ph D Humboldt, Tennessee 
(1, 1945) 

Drury, Douglas R , hi D University of Southern 
California, Los Angeles Professor of Physi- 
ology (1, 1932) 

Dubin, Harry E , Ph D 11 W 42nd St , New York 
13, N Y President, H E Dubin Laboratories, 
Inc (2, 1925) 

Dubnoir, Jacob W , M A , Ph D 1871 Bngden 
Rd , Pasadena 7, Calif Research Assistant and 
Instructor, Calif Institute of Technology (2, 
1946) 

DuBois, Eugene F , M D Cornell University 
Medical School, 1300 York Ave , New York, 
N Y Professor and Head of the Department of 
Physiology and Biophysics, Attending Physician, 
New York Hospital, Member, National Academy 
of Sciences, Captain {M C ) U S N R (L 
1913, 3, 1921, 5, 1935) 

Du Bois, Kenneth P , B S , M S , Ph D Dept o 
Pharmacology , Univ of Chicago, Chicago 37, HI 
Instructor in Pharmacology (3, 1946) 

Dubos, Rene J , Ph D , D Sc Rockefeller Insti- 
tute for Medical Research, 66th St and York 
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\.\e , Xcw York Cit\ Ifcod, Dci>t of Haclcnol- 
od!/ (Cl, 103S) 

Dukes, H H , D V M , M S New York St-rte 
'\ctcnmr\ Collepo, Cornell Uinversilj, Itlincn, 
N A J’ro/f^wr of 1 elennanj Physiology (1, 
1034) 

Dulanc), Anna D, AM, PhD Pathological 
Institute, UnncrsiU of Tennessee, McmphiB 
Asstslaitl Professor of Bacteriology, Medical 
School (G, 1924) 

Dumkc, Paul Rudolph, M D Clinical Research 
Section, Medical Research Lab , Edgewood 
Arsenal, Edgewood, Md Instructor in Pharma 
eologij, University of Pcnnsyhania, Captain, 
1/ C (3. 1042) 

Dunlap, Charles E, MD Tulane Unl^crsltJ of 
Louisiana, 1430 Tulaiie kae,Ne\\ Orleans Pro 
lessor of Pathology (4, 1942) 

Dunn, Max Shaw, Ph D Universitj of Cali- 
fornia, Los Angeles Professor of Chemistry 
(2, 1933) 

Dunn Thelma Brumfield, M D The National 
Cancer Institute, Bethesda, Md Research 
Fclloic (1, 1915) 

Durrant, Edw in Poe, M A , Ph D Ohio State 
Universitj, Columbus Associate Professor of 
Physiology (1, 192S) 

Butcher, James D , M S , Ph D The Squibb In- 
stitute for Medical Research, New Brunswick, 
New Jerses Research issociatc. Division of 
Organic Chemistry (2, 1940) 

Butcher, R Adams, M S , M A , D Sc Pennsyl- 
vania State College, State College Professor 
and Head of Department of \gncultural and 
BioJooical Chemistry (2, 1920, 5, 1933) 

Duval, Charles Warren, M D San Josd Hospi- 
tal, San Josd, Calif Professor Emeritus of 
Pathology and Bacteriology, Tulane Untv, Acie 
Orleans, La Director, Laboratory of Pathology, 
San Jose Hospital (i, 1913) 
du Vigneaud, Vincent, MS, Ph D Cornell 
Umversity Medical College, 1300 York Ave , 
New York 21, N Y Professor of Biochemistry, 
Member, National Academy of Sciences (2, 1929, 
5, 1934) 

Dworkin, Simon, D D S , M D , CM Biology 
Building, McGill Umversity, Montreal, Quebec, 
Canada Lecturer in Physiology, Faculty of 
Medicine (1, 1931) 

Uye, J A , Ph D James Law Hall, Cornell 
University, Ithaca, N Y Associate Professor 
of Physiology (1, 1929) 

Dye, Mane, M S , Ph D Michigan State College, 
East Lansing Dean of Division of Home Lco~ 
nomics (2, 1929, 5, 1933) 

Dyer, Helen M , MS, Ph D National Cancer 
Institute, U S P H S , Bethesda, Md Research 
Fellow (2, 1936 , 5.1937) 

Eadie, George S , Ph D Duke Umversity School 


of Medicine, Bo\ 3709, Durham, N C Profes- 
sor of Physiology and Pharmacology (1, 1929, 
3, 1940) 

Paglc, Hnrrj, AB , MD Johns IIopl ms Univ 
Sihool of lligicne and Public Health, G15 N 
Wolfe St , Baltimore 5, Md Senior Surgeon, U 
S Public Health Service, tdjuncl Professor of 
Baclirtolngy, iolnit Ilopkiri', Univ Shool of 
//i/gicnc and Public Health, Medical Officer in 
Charge, Laboratory of Ljperimcnlal Thera- 
peutics U S Public Health Service Lecturer 
III Medicine, hdins Hopl ms hlcdical School 
(3. 1910, 1, 1930, 0, 1940) 

Earle, Billon R , Ph D US Public Health 
Service, National Cancer Institute, Bethesda, 
Md Principal Cytologisl (4, 1940) 

Eaton, Alonzo Guy, M A , Ph D Louisiana 
State University Medical Center, New Orleans 
Associate Professor of Physiology (1, 1933) 

Eaton, Monroe D , M D State Department of 
Public Health, Influenza Laboratory, 1392 
University Ave , Berkeley, Calif Staff Mem- 
ber, International Health Division of The Rod e- 
fcllcr Foundation, Director of Finis Laboratory 
(0, 1937) 

Ecker, E E , Ph D School of Medicine, Western 
Reserve University, 2085 Adelbert Rd , Cleve- 
land, 0 Professor of Immunology (4, 1925) 

Eckstein, Henry C , M S , Ph D 320 W Medical 
Building, University of Michigan, Ann Arbor 
Associate Professor of Biological Chemistry 
(2, 1925) 

Eddy, Nathan B , M D National Institute of 
Health, Bethesda, Md Principal Pharmacolo- 
gist, United Slates Public Health Service (1, 
1919,3, 1929) 

Eddy, Walter H , A M , Ph D 60 E 42nd St , 
New York, N Y Professor Emeritus, Phy- 
siological Chemistry, Teachers College, Columbia 
University (2,1913,5,1933) ‘ 

Edsall, Geoffrey, M D Antitoxin and Vaccine 
Laboratory, 375 South St , Jamaica Plain, Mass 
Acting Director, Division of Biologic Labora- 
tories, Massachusetts Department of Public 
Health, Associate in Public Health Laboratory 
Methods, Simmons College, Instructor in Applied 
Immunology, Harvard School of Public Health 
(6, 1943) 

Edsall, John Tileston, M D Harvard Medical 
School, Boston, Mass Associate Professor of 
Biological Chemistry and Tutor in Biochemical 
Sciences (2, 1931) 

Edwards, Dayton J , Ph D Cornell University 
Aledical College, 1300 Fork Ave , New York 
City Associate Professor of Physiology, As- 
sistant Dean (1, 1921) 

Edwards, Jesse E, MD Mayo dime, (Sect 
Path Anat ), Rochester 4, Minn (4,1941) 

Edwards, J Graham, AM , Ph D 24 High St , 
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Buffalo, N y Assistant Professor of Anatomy, 
University of Buffalo (1, 1932) 

Eggerth, Arnold H , Pli D Hoagland Laboratory, 
335 Henry St , Brooklyn, N Y Associate 
Professor of Bacteriology, Long Island College 
of Medicine (4, 1925) 

Ehrenstein, Maximilian R , Ph D S06 klaloncy 
Clinic, University of Pennsylvania Hospital, 
36th and Spruce Sts , Philadelphia Assist- 
ant Professor of Chemistry assigned to Medicine 
(2, 1942) 

Ehnch, William E , M D Univcrsilj of Pcnnsjl- 
vania kledical School, Philadelphia Assistant 
Professor of Pathology, Graduate School of Medi- 
cine, Phila Professor of Hislologi/, Chief, Divi- 
sion of Pathology, Phila General Hospital (4, 
1945) 

Eichelberger, Lillian, Ph D University of Chi- 
cago, Dept of Medicine, Chicago, 111 Associate 
Professor of Biochemistry (2, 1937) 

Eiseman, Anna J , Ph D U S Public Health 
Service Hospital, Lexington, Ky Biological 
Chemist (2, 1930) 

Elderfield, Robert C , Ph D Columbia University, 
New York City Professor of Chemistry (2, 
1934) 

Elftman, Herbert, M A , Ph D College of Phj'si- 
cians and Surgeons, Columbia University, 630 
W 168th St , Nei\ York City Assistant Pro- 
fessor in Anatomy (1, 1940) 

Eliot, Martha M , M D United States Children’s 
Bureau, Washington 25, D C Associate Chief 
(5, 1933) 

Elliott, K Allan C , M Sc , Ph D Montreal Neuro- 
logical Institute, 3801 University St , Montreal, 
Canada Assistant Professor in Xcurology, Bio- 
chemistry, McGill University (2, 1937) 

Elhs, Frederick W , M D Monson, Mass (1, 
1887) 

^llis, Fred W , ]M S , Ph D University of North 
Carolina, Chapel Hill Assistant Professor of 
Pharmacology (3, 1945) 

Eilis, Lillian N , Ph D Adelphi College, Garden 
City, N Y (5, 1940) 

Elhs, Max Mapes, AM, Ph D , Sc D Medical 
School, University of hlissouii, Columbia 
Professor of Physiology and Pharmacology (1, 
1923) 

Elhs, N R , hi S Bureau of Animal Industry, 
U S Department of Agriculture, Agricultural 
Research Center, Beltsville, Md Principal 
Chemist, Animal Husbandry Division (2, 1928, 
5, 1933) 

Elser, William J , hi D Kent, Conn (6, 1920) 
Elvehjem, Conrad Arnold, hi S , Ph D , Sc D 
Biochemistry Building, University of Wisconsin, 
hladison Chairman, Dept of Biochemistry, 
Dean of Graduate School, Member, National 
Academy of Sciences (2, 1931 , 5, 1933) 


Embroc, Norris Dean, Ph D 751 Ridge Road 
West, Rochesfer 13, \ Y .Issisfnnf Director oj 
Ucsrarch, Distillation Products, Inc (2, 10!G) 
Emerson, George A , M S , Pli D Universitj of 
Texas, hlcdicnl Branch, Galveston Professor oj 
Pharmacology (3, 1035) 

Emerson, Glnd>s A , Ph D Merck Institute of 
Therapeutic Resesreh, Ralnvaj, N J Nitlri- 
lionisl (5, 1912) 

Emerson, Oliver H , Ph D Western Regional 
Research Laborntor> , U S Dept of Agricul- 
ture, Albsnj C, Calif Associate Chemist 
(2, 1938) 

Emerj . Frederick E . D V hi , hi S , Ph D Uni- 
vcrsitj of Vrknnsas School of Medicine, Little 
Rock Professor of Physiology and Pharma- 
colog u (1, 1930) 

Emmett, Arthur D , M V , Pli D Stir Route 1, 
Lewiston, Mich (2, 1908, 3, 1933) 

Enders, John F , A hi , Ph D Department of 
Bactcriologj , Medical School, Harvard Uni- 
versitj, Boston, hlass Assistant Professor of 
Bacteriology and Immunology (G, 193G) 

Engle, Earl Theron, Ph D College of Phj'sicians 
and Surgeons, Columbia Univcrsitj , 630 W 
16Sth St , New York Citj Professor of Anat- 
omy (1, 1930) 

English, James, Jr , Ph D Sterling Chemistry 
Laboratorv , Yale Umv , New Haven, Conn 
Assistant Professor of Chemistry (2, 1946) 
Epstein, Albert A , M D 1111 Madison Ave , 
New York City Physician, Beth Israel Hos- 
pital, Physician, Hospital for Joint Diseases 
(2, 1912) 

Erickson, Cyrus C , hi D Duke University 
School of hledicine, Durham, N C Associate 
Professor of Pathology (4, 1941) 

Erickson, John Otto, PhD Physics Division, 
American Cyanamid Company, Stamford, Conn 
Research Biochemist (G, 1946) 

Erlanger, Joseph, hi D , LL D , Sc D Washmg- 
ton University' School of Medicine, 4SS0 Scott 
Ave, St Louis, hlo Emeritus Professor of Physi- 
ology, Member of the National Academy of ei 
cnees (1, 1901) 

Eschenbrenner, Allen B , hi D Surgeon USPH , 
National Institute of Health, Bethesda H, M 
(4, 1946) 

Espe, Dwight L , Ph D Iowa State College, 
Ames Assistant Research Professor in Dairy 
Husbandry (1, 1940) 

Essex, Hiram E , M S , Ph D hlayo Foundation, 
Rochester, Mmn Professor of Physiology, 
Institute of Experimental Medicine (1, 1932, 
3, 1940) 

Ettinger, C H,MD,CM, FRSC Queen s 
University, Kingston, Canada Professor of 
Physiology (1, 1943) 
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Evans, Earl Alison, Jr , Ph D Dcpartnient of 
Biochcmislrj , Univcrbitj of ClncnRO, ChicaRO, 
HI Professor and Chairman of Department (2, 
1039) 

Evans, Everett Idris, M D , Ph D Department 
of Surgerv , Medical College of Virginia, Rich- 
mond Professor of Surgcrii (1, 

1935) 

Evans, Gerald Tajlor, MD , PhD University 
of Minnesota Hospitals, Minneapolis Director 
of Laboratory Scrncc, Uniicrsity of Slinnesota 
Hospitals, Associate Professor of Medicine, 
Uniicrsity of Minnesota (1, 1912) 

Evans, Herbert M , M D Universitj of Cali- 
fornia, Bcrkclcv Professor of Anatomy and 
Director of Institute of Experimental Biology, 
Member of the National Academy of Sciences 
(1, 1919) 

Evcleth, D r , Ph D , D V M North Dakota 
Agricultural College, Forgo Professor, Vcl- 
ennary Science, North Dahota Agricultural 
Experiment Station (2, 1939) 

Everett, Mark Reuben, PhD Universitj of 
Oklahoma Medical School, Oklahoma Citj 
Professor of Biochemistry (2, 1929) 

Ewing, P L , M S , Ph D Universitj of Texas 
School of Medicine, Galveston Associate Pro- 
fessor of Pharmacology (3, 193S) 

Eyster, John A English, M D University of 
VTisoonsin, Madison Professor of Physiology 
(1, 190G, 3, 190S) 

Fahr, George, M D Minneapolis General Hospital 
Minneapolis Professor of Clinical ^[ed^c^nc, 
University of Minneapolis Medical School (1, 
1913, 3, 1940) 

Failev, Crawford F, PhD 5454 South Shore 
Dnve, Chicago 15, 111 Associate Professor of 
Biochemistry, Unncrsilii of Chicago (2, 1933) 
Fairhall, Lawrence T , M A , Ph D US Public 
Health Service, Washington, D C Principal 
Industrial Toxicologist (2, 1924) 

Falk, Carolyn R , B A 40 E 66th St , New York 
City Bacteriologist, Bureau of Laboratories, 
NewYorl City Dept of Health (6,1943) 

Falk, K George, Ph D 40 E 66th St , New York 
City Director, Laboratory of Industrial Hy- 
giene (2, 1913) 

Famulener, Lemuel W , Ph C , M D 275 Engle St , 
Englewood, N J (6, 1920) 

Farber, Sidney, M D Harvard Medical School, 
25 Shattuck St , Boston, Mass Assistant 
Professor of Pathology (4, 1934) 

Farmer, Chester J , A M Northwestern Medical 
School, 303 E Chicago Ave , Chicago, HI Pro- 
fessor of Chemistry (2, 1935) 

Farr, Lee E , M D Alfred I duPont Institute, 
Wilmington, Del Director of Research, Pediatri- 
cian in Chief (4, 1941) 


Farrell, James I , Ph D , M D 93-1 Ridgewaj 
Ave , Evanston, Illinois (1, 193S) 

1 assett, David W, AB , MD 300 Huntington 
Bmhling, Miami, Fh (3, 1012) 

Favorite, Grant O, MD 1313 Andover Rd , 
Overbrook, Philadelphia, Pa Pathologist, West 
Icrsey Hospital, Associate in Baclcrtology and 
Immunology, Jefferson Medical College (6, 
1913) 

Pay, Marion, M A , Ph D Woman’s Medical 
College of Pennsylvania, East Falls, Phila- 
delphia 29 Professor of Physiological Chemistry 
(2, 1937) 

Feldman, Harrj A , M D Major MC, AUS, 1722 
— 33rd Place, S E , Washington 20, D C (6, 
1913) 

Feldman, William H , D V M , M S The Majo 
Foundation, Rochester Mmn Professor in Ike 
Division of Expcrimcnlal Surgery and Pathology 
(4, 1934) 

Fell, Norbert, Ph D Camp Detnek, Fredenck, 
Maryland Chief, Pilot Plant Dmsion (G, 
1944) 

Feller, A E , M D Western Reserve School of 
Medicine, Cleveland 6, Ohio Assistant Professor 
of Preventne Medicine (G, 1943) 

Fellows, Edwin J , MS, Ph D Temple Um- 
vcrsitj School of Afedicine, Philadelphia, Pa 
Assistant Professor of Pharmacology (3, 1939) 

Felton, Lloyd D , M D , D Sc National Institute 
of Health, Betbesda, Md Medical Director, 
USPHS (6, 1926) 

Fenn, Wallace Osgood, A M , Ph D Umversity of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y Profes- 
sor of Physiology, Member, National Academy of 
Sciences (1, 1924) 

Penning, Con, M D , M A University of Utah 
School of Medicine, Salt Lake City Professor 
of Pharmacology and Physiology (1, 1942) 

Ferguson, James Kenneth Wallace, M A , M D 
76 Kilbarry Rd , Toronto, Ontario, Canada 
Professor of Pharmacology, University of To- 
ronto 11 injr Commander, RCAF (1, 1933, 
3, 1941) 

Ferguson, John Howard, M D , M A , LjH S S A 
Dept of Physiology, School of Medicine, Univer- 
sity of North Carolina, Chapel Hill Professor of 
Physiology and Acting Professor of Pharmacol- 
ogy (1, 1933 , 3, 1939) 

Ferguson, L Kraeer, M D 133 S 36th St , Phila- 
delphia 4, Pa Professor of Surgery, Graduate 
School, Umi of Pennsylvania, and IVoman’s 
Medical College of Pennsylvania, Surgeon, Doc- 
tors Hospital and IT Oman’s Medical College, 
Graduate Hasp , Philadelphia General Hospital 
(4, 1935) 

Ferry, John Douglas, Ph D , Dept of Chemistry , 
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Univ of Wisconsin, Madison 0, Wis Assislcnit 
Professor of Chcmislry (2, 1911) 

Ferry, Newell S , M D , Parke, & Davis Co 
Detroit, Mich Assistant Director of Research 
(G, 1916) 

Ferry, Ronald M, MD 9GG Memorial Dri\c 
Cambridge, Mass , Master of lohn Wiiithrop 
House, 4ssorifl/c Pio/cs50) of Biochemistry 
Fletcher, EdiMn S , Ph D R D 1, Xeiii i, Oliio 
(1, 1944) 

Fetter, Dorothy, Ph D Department of Hygiene, 
Brooklyn College, Brooklyn, N Y Instructor in 
Physiology (1, 1944) 

Fevold, Harry L , M S , Ph D Western Regional 
Research Laboiatory, Albany G, Calif Bio- 
cheinislin Chaigc, Pharmaceutical, Food Proteins 
and Lipids Section, U S Dept of igncultuic 
(2, 1942) 

Field, John, II, AM, Ph D Stanford Univer- 
sity, Stanford, Calif Professor of Physiology 
(1, 1930) 

Fmcke, Margaret L , Ph D Oregon State College, 
Corvallis Associate Professor of Foods and 
Nutrition, School of Home Economics (5, 
1940) 

Findley, Thomas, Jr , M D Ochsner Clinic, 
3503 Prytania, New Orleans, La Head of the 
Department of Internal Medicine, Ochsner 
Clinic, New Orleans, Assistant Professor of 
Clinical Medicine, Tulane University School of 
Medicine (1, 1938) 

Finland, Maxwell, B S Boston City Hospital, 
Boston, Mass Assistant Professor of Medicine, 
Harvard Medical School (G, 1941) 

Firor, Warfield Monroe, M D Johns Hopkins 
Hospital, Baltimore, Md Associate Professor 
of Surgery, J ohns Hopkins University (1, 1932) 

Fischer, Ernst, M D , Dr habil Medical College 
of Virginia, Richmond Professoi of Physiology 
(1, 1936) 

Fischer, Hermann O L , Ph D Banting Insti- 
tute, 100 College St , University of Toronto, 
Toronto 5, Canada Research Professor of Or' 
game Chemistry (2, 1940) 

Fischer, Martin H , M D , Pharm D (hon ), Sc D 
University of Cincinnati College of Medicine, 
EdenAve , Cincinnati 19,0 Professorof PhyS' 
lology (1, 1901 , 2, 1919) 

Fishberg, Ella H , M A , M D Beth Israel Hos- 
pital, Stuyvesant Park East, New York City 
Biochemist (2, 1931) 

Fisher, Albert Madden, M A , Ph D Connaught 
Laboratories, University of Toronto, Toronto, 
Canada Research Associate (2, 1944) 

Fisher, Kenneth C , M A , Ph D University of 
Toronto, Toronto, Ont , Canada Assistant 
Professor of Physiological Zoology (1, 1940) 
Fiske, Cvrus H , M D Harvard Medical School, 
Boston, Mass Professor of Biological Chemis- 
try (2, 1914) 


Fil/gcrnid, Mabel P , 61 A, George Sq , Edinburgh, 
Scotland (1, 1913) - 

ritrliugh, O Garth, PhD Dnision of Pharma 
colog}. Food and Drug Administration, Federal 
Scciirit} \gcnc} , Washington, D C Pharma 
cologist (3, 1910) 

Flcischmann, IValtcr, M D , Ph D Ilarnct Lane 
Home, lohriB Hopkins Hospital, Baltimore, 
Md A’-socialc in Pediatrics, lohns Iloplins 
Uniicrstly (1, 1910) 

Flcisher, Alojcr S, MD Jeuish Hospital, St 
Txiuis, Mo Research Bacteriologist (4, 1921, 
G, 1932) 

Flexner, Louis B , M D Department of Embry- 
ology , Carnegie Institution of IVnshmgton, 
IVolfc and Madison Sts , Baltimore, Md Re- 
search Associate (1, 1933) 

Flock, Eunice V , Ph D Mayo Clinic, Rochester, 
Minn \ssoctatr I^rofrssor in I xprnmcntal Medi- 
cine, Mayo I oundation, Unti of Minnesota 
(2, 1010) 

riorman, Alfred L , M D Hospital of the Rocke- 
feller Institute, New York, X* Y Visiting In- 
icstigator (G, 1012) 

Flosdorf, Earl IV , Pli D Forest Groa c, Bucks Co , 
Pa Research — University of Pennsylvania School 
of Medicine (G, 1941) 

Floyd, Cleveland, M D , Sc D 24C Marlborough 
St , Boston, Mass Chief Examiner, Boston 
Health Dept (G, 1916) 

Foa, Piero Pio, Ph D 710 S W^olcott St , Chicago 
111 Associate Professor of Physiology and Phar- 
macology, Chicago Medical School (1, 1944) 

Folch, Jordi, M D McLean Hospital, Waverly , 
jMass Assistant Professor of Biological Chemis- 
try, Harvard Medical School Director of Scien- 
tific Research, McLean Hospital (2, 1941) 

Follensby, Edna M , Ph G SO E Concord St , 
Boston, Mass Research Assistant, Evans Me- 
vioiial Special Instructor in Biology, Simmons 
College (G, 1933) 

Follis, Richard H , Jr , iM D Duke Umv Medi- 
cal School, Durham, N C Associate Professor of 
Pathology (4, 1942) 

Fontaine, Thomas Davis, Ph D Biologically^ Ac- 
tive Compounds Division, Room 114 Nort 
Bldg , Agricultural Research Center, Beltsville, 
Md Chemist, Bureau of Agricultural and Indus- 
trial Chemistry, U S Dept of Agriculture (2, 
1946) 

Foot, Nathan Chandler, M D 340 E 72nd St , 
New York City Professor of Surgical Pathol- 
ogy, Cornell University Medical College, Surgical 
Pathologist, New York Hospital (4, 1924) 

Forbes, Alexander, A M , M D Harvard Me 
cal School, Boston, Mass Professor of Physi- 
ology, Member of the National Academy 
Sciences (1, 1910) 

Forbes, Ernest B , Ph D State College, Pa 



ALPHABETIC VL LIST OP ALL MEMBEIIS OP THE SIX SOCIETIES 


485 


DiTcdor of the Inslilulc of Animal jXulntton 
(1, 1917,';. 1935) 

Forbes, Hcnrj S , M D Forest St , Milton, Muss 
IssociaJe m Ncuropathologi/, Ilanard Medical 
School, Boston (1, 1931) 

Forbes, John C , M A , Ph D Medical College of 
lirgima, Richmond Research Professor of 
Biochcmistrii (2, 1937) 

Forbes, Billinm H , M A , Ph D Harvard Hni 
versitj. Fatigue Laboratorj, Boston, Mass 
Research Pclloie, Assistant Director of Fatigue 
Lob , Assistant Professor of Industrial Physiol 
ogy (1, 1943) 

Fosdick, Leonard S , Ph D 311 E Chieago Avc , 
Chicago, 111 Professor of Chemistry, Northwest- 
ern Vnncrsity (2, 1914) 

Foster, G L.PhD College of Phjsicians and 
Surgeons, 630 B IGSth St , Non York City 
Professor of Biological Chemistry (2, 1923) 
Foster, Hnrrj E, MD Cutter Laboratory, 
Berkeley, Calif Medical Director (6, 1913) 
Foster, Jackson B Dept of Botanv anti Bac- 
tenology, Univ of Tevas kustin 12, To\as 
4'sociatc Professor of Bacteriology (2, 1946) 
Foster, Robert H K , Ph D M D St Louts 
Lniversity School of Modtetno, St Louis, Mo 
issocialc Professor of Pharmacology (1, 1910, 
3, 1911) 

Foster, Ruth A C , Ph D Dept of Botany and 
Bacteriology, University of Texas, Austin 
Instructor (6, 1943) 

FothergiU LcRov D , M D Camp Dctrick, 
Frederick, Mara land (6, 1936) 

I ox, Sidney B' , PhD Chemistry Dept, Iona 
State College, Ames, Iona Assistant Professor 
of Chemistry and Research Assistant Professor, 
Chemistry Section, Iowa Agricultural Experiment 
Station (2, 1916) 

Fraenkel-Conrat, Heinz, M D , Ph D B''e5tern 
Regional Research Laboratory , D S Dept of 
Agriculture, Albany 6, Calif Chemist (2, 
1942) 

Francis, Thomas, Jr , M D , M S (hon ), Sc D 
(hon ) School of Public Health, University of 
Michigan, Ann Arbor Professor of Epidemi- 
ology (4,1940 , 6,1930) 

Franke, Florent E , M D 9 Sylvester, Webster 
Groves, Mo Assistant Professor of Physiology, 
St Louis University School of Medicine (1, 
1934) 

Frankel, Edward M , Ph D 214 River Rd , Ny aok, 
N Y Consulting Chemist (2, 1916) 

Fraser, Alexander MacLeod, A M , M D , C M 
McGill University, Montreal, Canada Lec- 
turer in Pharmacology (3, 1939) 

Fraser, Donald T , MB Connaught Labora- 
tories, University of Toronto, Toronto 5, Canada 


Professor of J/t/jucnc and Preventive Medicine 
(6, 1935) 

Frcnr, Donald E , M S , Ph D Dept of Agricul- 
turil and Biological Clicmistry The Ponnsyl- 
vaitia State College, State College, Pn Professor 
of Igriculliirc and Biological Chemtsiry (2, 
1916) 

Free, Alfred H School of Medicine, Western Re- 
serve University, Cleveland, 0 Asst Professor 
of Btochcmislry (5, 1914,2, 1916) 

Freeman, Harry, M D Worcester State Hospital, 
B^orccstcr, Mass Fntermst, Research Service 
(1, 1939) 

Freeman, Leslie B'lllard, Ph D , M D 1631 — ISth 
M C Moliiic, 111 Capt , Medical Corps, AUS 
(1 1914) 

Preemnn, Norman E, MD 263 Molmo Ave , 
Milt A nllcv , Calif (1, 1936) 

Freeman, Smith, M D , Ph D Northwestern 
University’ School of Medicine, 303 E Chicago 
Ave , Chicago, 111 Assistant Professor of 
Physiology and Pharmacology (1, 1937) 

French, C S , Ph D , Dept of Botany, Umv of 
Minnesota, Minneapolis, 14, Minn Associalc 
Professor (2, 1916) 

Freund, Jules, M D Public Health Research In- 
stitute of the City of New York, Foot of E 
15th St , New York, N Y Member (4, 1930, 
6, 1924) 

Friedemann, Theodore E , M A , Ph D North- 
western University Medical School, 303 E 
Chicago Ave , Chicago, 111 Associate Professor 
of Physiology (2, 1925) 

Friedemann, Ulrich, M D Department of Bac- 
teriology’, The Jewish Hospital of Brooklyn, 
Classon and St Marks Ave , Brooklyn, N Y 
(6, I93S) 

Fnedewald, William F , M D Emory’ University 
School of Medicine, Atlanta, Ga Professor of 
Bacteriology, Associate Professor of Medicine 
(4, 1911) 

Fnedgood, Harry B , M D 2943 Queensburg 
Road, Los Angeles 34, Calif Assistant Clinical 
Professor of Medicine, Univ of Southern Calif 
Med School, Senior Attending Physician, Los 
Angeles County Hospital (1, 1936) 

Friedman, Maurice H , Ph D , M D Hunter Field 
Regional Hospital Hunter Field, Ga Captain 
IMC) A US, Chief, Gastro enterology (1, 1929) 

Friedman, M H F , M A , Ph D Jefferson Medi- 
cal College of Philadelphia, 1025 Walnut St , 
Philadelphia, Pa Assistant Professor of Phystol- 
og y (1,1941) 

Friedman, Nathan B , M D Army Institute of 
Pathology , 7th and Independence, S N , Wash 
ington 25, D C (4. 1942) 

Fnsch, Arthur W , Ph D , M D College of Medi 
erne, Wayne Umversity, Detroit, Mich In 
structor (6, 1938) 
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Frost, Douglas Vau Auden, M A , Ph D Abbott 
Laboratories, North Chicago, 111 Director, Nv- 
trilional Research Division (2, 19 IG) 

Fruton, J S , Ph D Yale School of Alcibcinc, 
333 Cedar St , New Haven, Conn A ssociatc 
Professor of Physiological Chcmisirij (2, 1038) 
Fugo, Nicholas W , M S , Ph D State University 
of Iowa, Medical School, Ion a City Instructor in 
Pharmacology, on leave (3, 1944) 

Fuhrman, Frederick A , MS, Pli D Dept of 
Phj'siology, Stanford Univ , Stanford University, 
Calif Instructor in Physiology (1, 191G) 
Fulton, John Farquhar, M A , Ph D , M D Yale 
University School of Medicine, New Haven, 
Conn Sterling Professor of Physiology (1, 
1925) 

Funk, Casimir, D Sc , Ph D 18G Riverside Drive, 
New York 24, N Y" (2, 1921) 

Furth, Jacob, M D Cornell University Medical 
College, 1300 York Ave , Neu York Cit} Pro- 
fessor of Pathology (4, 1932, 6, 1930) 

Gaebler, Oliver H , Ph D , M D Henrj’ Ford 
Hospital, Detroit, Mich Assoeiale in Chem- 
istry (2, 1927) 

Gaffron, Hans, Ph D Chemical Department, 
University of Chicago, Chicago, 111 Research 
Associate {Assistant Professor) (2, 1941) 
Gagge, Adolf Pharo, Ph D Aeromedical Re- 
search Laboratory, Wnght Field, Dayton, 0 
Lt Col , Chief, Biophysics Branch, Air Corps, 
U S Army, on leave from Yale University and 
John B Pierce Laboratory of Hygiene (1, 1939) 
Galambos, Robert, M A , PhD University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y (1, 1942) 
Gall, Edward A, MD Bethesda Hospital, 
Cincinnati, O Assistant Professor of Pathology, 
College of Medicine, University of Cincinnati 
(4, 1941) 

Gallagher, Thomas F, PhD University of 
Chicago, Chicago, 111 Associate Professor of 
Biochemistry (2, 1932) ' 


Gallup, Wilhs D , M S , Ph D Oklahoma Agri- 
cultural and Mechanical College, Stillwater 
Chemist and Professor of Agricultural Chemistry 
{2^ 1932} 


Gamble, James L , M D , S M 33 Edgehill Rd , 
Brookline, Mass Professor of Pediatrics, Har- 
vard Medical School (2, 1922, 5, 1933) 

Gantt, W Horsley, MD Phipps Psychiatnc 
Chnic, Johns Hopkins Hospital, Baltimore, Md 
Associate in Psychiatry (1, 1935) ’ 

Garbat, Abraham L , M D 103 E 78th St 
New York City Attending Physician, Lenox 
Hill Hospital (6, 1913) 

Garrey, Walter Eugene, Ph D , M D Vanderbilt 


University School of Alcdicinc, Nashville, Tcnn 
Professor Dnirntus of Physiologv (1, 1910, 

2 , 1900) 

Gnsscr, Herbert S , A M , M D , Sc D (hon ) 
Rockefeller Institute for Afcdical Research, 
GGtIi St and York Ave , Non York Cit} Di- 
rector of Laboratories, Member of the National 
Academy of Sciences (1, 1915, 3, 1921) 

Gates, Oliic, M D 25 Shattiick St , Boston, Mass 
Associate Pathologist (4, 10)0) 

Gaunt, Robert, PJi D Washington Square Col- 
lege, Neu York University, Non Yorl City 
Associate Professor of Biology (1, 1939) 

Gay, Leslie N, MD 1114 St Paul St, Balti- 
more, Md Director of the Allergy Clinic, 
Johns IIopl ins Hospital, Visiting Physician to 
Johns Ilophins Hospital, Associate in Medicine, 
Johns Hopkins Unncrsity (G, 1927) 

Gelling, E M K , M S , M D , Pli D University 
of Chicago, Cliicago, 111 Prank P Ilixon Dis- 
tinguished Sen ICC Professor of Pharmacology 
and Chairman of Department (1, 1933, 2, 1927, 

3, 1925) 

Gel fan, Samuel, PIi D College of Phisicians and 
Surgeons, Columbia Unncrsity, G30 West IGStb 
St , Neu York 32, N Y Assistant Professor of 
Physiology (1, 1930) 

Gellhorn, Alfred, M D Dept of Pliarmacology , 
College of Pln'sicians and Surgeons, C30 West 
IGSth St , Neu York, 32, N Y Associate Pro- 
fessor of Pharmacology (3, 1946) 

Gellhorn, Ernst, M D , Ph D Room 116, Medical 
Sciences, Unncrsity of Minnesota, Alinneap- 
olis Professor of Neurophysiology (1, 1930) 
Gemmill, Chalmers L , AI D Medical School, 
Umversity of Virginia, Charlottesville Pro- 
fessor of Pharmacology (1, 192S, 2, 1935 , 3, 
1946) 

Gerard, R W , Ph D , M D University of 
Chicago, Chicago, HI Professor of Physiology- 
(1, 1927) 

Gerstenberger, Henry John, A'l D Western 
Reserve University, Cleveland, O Professor 
Emeritus of Pediatrics, School of Medicine, 
Western Rescnc Umversity, Director of Pedi- 
atrics, Babies and Children's Hospital (5, 1938) 
Gesell, Robert, M D University of Michigan, 
Ann Arbor Professor of Physiology (L 1913) 
Gettler, Alexander O , A M , Ph D , LL D New 
York University, 29 Washington Place, New 
York City Professor of Chemistry and Toxi- 
cology, Toxicologist to Chief Medical Examiner s 
Office (2, 1916) 

Gey, George Otto, AID Division for Cellular 
Pathology', Room 531, Dispensary Building, 
Johns Hopkins Hospital and University, Balti- 
more 5, Md Instructor in Surgery (1, 1940) 
Gibbs, Frederick Andrews, M D 720 N Alichi- 
gan Ave , Suite 610, Chicago, 111 {h 1935) 
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Cibbs, Owen Sfnnlej , M B , Cli B (Edin ) , M D 
15-11-46 Ketbomood, Memphis C, Tenn Re- 
search Consullanl (1, 1035, 3, 1030) 

Gibson, Robert Bnnks, Ph D University Hos- 
pital, Iowa Citj , Iowa Issociotc Professor of 
Biochcmtslry, Slate Umtcrsiln of loica (1, 
1907, 2, 1906) 

Gios, William John, M S , Ph D , Sc D , LL D , 
F V C D 632 5V lOSth St , Non York Citj 
Professor of Biological Chcniislry, Columbia 
Unitcrsiiy (1, 1S9S, 2, 1906 , 3, 1909) 

Gilbert, Ruth, V M , M D R F D 2, Altaipont, 
N Y Baclcnologisl, New York Stale Dcjiarl- 
vicnt of Health, Albany (6, 1920) 

Gilman, Alfred, Ph D College of Plnsiciaiis and 
Surgeons, 630 West ICSth St , Xew \ork 32, 
X A Issocialf Professor of Pharmacology (1, 
1035,3, 1934) 

Gilson, Arthur S , Jr , A M , Ph D Washington 
Uni\ersit\ Medical School, St Louis, Mo 
Associotc Professor of Physiology (1, 1927) 
Githcns, Thomas Stotesbury, M D The Cam- 
bridge, W'lssahickon and Chclten Aves , Ger- 
mantown, Philadelphia, Pa (1, 1915) 

Givens, Maurice H , Ph D Bo\ 3S36, Peninsula 
Station, Daj tona Beach, Pla (1, 1917 , 2, 1915) 
Glaser, O C , Ph D Amherst College, Amherst, 
Mass Professor of Biology (1, 1913) 

Glazko, Anfhonj J , Ph D Bov 729, Emory Um- 
versitv, Georgia Assistant Professor of Bio- 
chemistry, Medical School (1, 1942) 

^Itck, David, PhD Dept of Physiology, Mil 
Irrd Hall, University of Minnesota, Minneapolis 
14, Mmn .Issociatc Professor of Physiological 
Chemistry and Coiisutlant to Veteran's Hospital, 
(2, 1936) 

Goebel, Walther F , Ph D The Rockefeller In- 
stitute for Medical Research, 66th St and 
York Ave , New YYirk City Member (2, 1929 , 
6, 1937) 

Goerner, Alfred, Ph G , Pharm D , M D 366 
Sterling Place, Brooklyn, N Y' Assistant Clin- 
ical Professor of Medicine, Long Island College 
of Medicine (2, 1939) 

Goettsch, Marianne, Ph D School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico Assistant Professor of Chemislry 
(2, 1933,5, 1941) 

Gold, Harry, M D 1300 York Ave , New York 
City Assistant Professor of Pharmacology, 
Cornell Medical College (3, 1927) 

Goldblatt, Harry, M D Director Institute for 
Medical Research, Cedars of Lebanon Hospital, 
Los Angeles, Calif (I, 1945, 4, 1927) 

Goldfarb, W'alter, M D 120 Station Hospital, 
A P O 508, New Y^ork, N Y' Captain, M C 
(I, 1938) 

Goldforb, A J , Ph D College of the City of 


New Y’’ork, New York City Professor of 
Biology (1, 1930) 

Goldie, Horace, M D , D T M Nanuet, N Y’’ 
City of Nett) York, Dept of Health (G, 1943) 
Goldrmg, W'llliam, M D New York University 
College of Medicine, 477 First Ave , New York 
City Professor of Medicine (1, 1939) 
Goldschmidt, Samuel, Ph D University of Penn- 
sylvania Medical School, Philadelphia Asso- 
ciate Professor of Physiology (1, 1919, 2, 1915) 
Goldsmith, Grace A Tulane University of 
Louisiana, New Orleans (5, 1943) 

Golub, Orville Joseph, MS, PhD Lt Cmdr 
IIS, LSNR, Camp Dctnck, Frederick, Md Re- 
search Bacteriologist (Viruses) (G, 1944) 
Goodman, Louis Sanford, M A , M D University 
of Utah School of Medicine, Salt Lake City 
Professor of Pharmacology and Chairman of the 
Department of Pharmacology and Physiology 
(3, 1937, 1, 1946) 

Goodner, Kenneth, Ph D Jefferson Medical Col- 
lege, Philadelphia, Pa Professor of Bacteriology 
(G, 1932) 

Goodpasture, Ernest William, M D Vanderbilt 
University Medical School, Nashville, Tenn 
Professor of Pathology and Dean (4, 1923) 
Gordon, Albert S , MS, Ph D Washington 
Square College of Arts and Sciences, New York 
University, New York City Assistant Professor 
of Biology (1, 1942) 

Gordon Harry H ,M D 4200 E 9th Vve .Denver, 
Colo Professor of Pediatrics, Uiuicrsity of 
Colorado Medical School, Pediatrician in Chief, 
Colorado General Hospital (5, 1940) 

Gordon, Irving, M D Division of Laboratones & 
Research, N Y State Dept of Health, New 
Scotland Ave , Albany 1, N Y’’ Senior Medical 
Bacteriologist (G, 1943) 

Gordon, William G , M A , Ph D Eastern Re- 
gional Research Laboratory, U S Department 
of Agnculture, Chestnut Hill Station, Phila- 
delphia, Pa Chemist (2, 1939) 

Goss, Harold, Ph D University of California 
College of Agnculture, Davis Professor of 
Animal Husbandry (2, 1936, 5, 1933) 
Gottschall, Russell Y , MS, Ph D Bureau of 
Laboratones, Michigan Department of Health, 
Lansing Bacteriologist (G, 1939) 

Gondsmit, Arnoldus, Jr , M D , Ph D 40 Roberts 
Avenue, Glenside, Pa Medical "Corps, 232 Gen- 
eral Hospital, Camp Barkeley, Tevas (1, 1940) 
Govier, William M , M D Sharp and Dohme, Inc , 
Glenolden, Pa Pharmacologist — Medical-Re- 
search Division (3, 1944) 

Grabfield, G Philip, M D 27 Forest St , Milton, 
Mass Associate tn Medicine and Pharmacology, 
Harvard Medical School (At present on leave of 
absence. Col M C , U S A) (3, 1923) 
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Grady, Hugh G , M D Jefferson Medical College, 
Philadelphia, Pa Assistant Professor of Pathol- 
ogy (4, 1940) 

Graef, Irving, M D 360 East 55th, New York, 
N Y Associate Professor of Pathology, Asso- 
ciate Visiting Physician, 3rd (,NYU) Medical 
Division, Goldwatcr Memorial Hospital, Attend- 
ing Consultant in Medicine, Veteran’s Hospital, 
Bronx, N Y (4, 1941) 

Graham, Clarence H , Ph D Columbia Univer- 
sity, New York 27, N Y Professor of Psychol- 
ogy (1, 1933) 

Graham, Helen Tredway, AM, Ph D Euclid 
Ave and Kingshighway, St Louis, Mo Asso- 
ciate Professor of Pharmacology, Washington 
University School of Medicine (1, 1933, 3, 
1931) 

Grant, R Lorimer, MS, Ph D Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington 25, D C 
Pharmacologist (2, 1938) 

Graubard, Mark, M A , Ph D 3427 Oakwood Ter , 
N W , Washington, D C Research Associate 
(1, 1940) 

Grauer, Robert C , M D Allegheny General 
Hospital, Pittsburgh, Pa Head of Department 
of Research in Endocrinology and Metabolism, 
William H Singer Memorial Research Labora- 
tory, Lecturer in Pathology and Instructor in 
Medicine, School of Medicine, University of Pitts- 
burgh (4, 1941) 

Gray, John S , M S , Ph D Northwestern Univ 
Medical School, 303 E Chicago Ave , Chicago 
11, 111 Associate Professor of Physiology (1, 
1937) 

Gray, M Geneva, M A , Ph D Laboratories of 
Arthur D Little, Inc , Cambridge, Mass Direc- 
tor Pharmacological Research (3, 1946) 

Gray, Samuel H , M D The Jewish Hospital of 
St Louis, Eangshighway and Forest Park Blvd , 
St Louis, Mo Pathologist, Jewish Hospital, 
Director of Laboratories, City Hospitals, Asso- 
ciate Professor of Pathology, Washington Uni- 
versity (4, 1939) 

Graves, J D , M S , P& D Western Regional 
Research Laby , U S Dept of Agriculture, 800 
Buchanan St , Albany 6, Calif Biochemist 
(2, 1938) 

Greaves, Joseph E , Ph D Utah State Agricul- 
tural College, Logan Professor and Head of 
Department of Bacteriology and Biochemistry 

Greeley, Paul O , A M , Ph D , M D University 
of Southern California Medical School Umver- 
5ity Park, Los Angeles Dept of Aviation Medi- 
cine (1, 1940) 

Green, Arda Alden, MD Cleveland Clinic, 
Euclid and E 93rd St , Clev eland 6, 0 Research 
Division (2, 1932) 


Green, Daniel M , M D Kings County Hospital, 
Seattle, Wash Instructor, Pharmacology and 
7'hcraprutics, Univcrnty of Trnnesser (on 
leave) hi Col 0 2D13S5, M C (3, 1912) 
Green, David E , Ph D Department of Medicine, 
College of Physicians and Surgeons, Columbia 
IJniversitv , N( w York City A ssistant Professor 
(2, 1011) ' 

Green, Harold Dav id, M D Bow man Gray School 
of Medicine, Wake Forest College, Winston- 
Salem 7, N C Professor of Physiology and 
Pharmacology (1, 1036, 3, 1015) 

Green, Robert, M A , M D 223 Millard Hall, 
University of Minnesota, Minneapolis Profes- 
sor of Bacteriology and Immunology (G, 1930) 
Greenberg, David Morris, PhD University of 
California, Berkelcv Professor of Biochemistry, 
Chairman of Diiiston (2,1027,1,1016) 
Greenberg, Louis D , Ph D Univ of Calif Med- 
ical Center, 3rd and Parnassus Vves , San Fran- 
cisco 22, Calif \sststant Professor of Pathology 
and Pharmacology (2, 1016) 

Greene, Carl Hartley, Ph D , M D 401 Clinton 
Ave , Brooklyn, N Y Associate Professor of 
Clinical Medicine, New Yorl Post-Graduate 
Medical School of Columbia University, Clinical 
Professor of Medicine, Long Island College of 
Medicine (1, 1021 , 2, 1922, 4. 1024) 

Greene, Charles Wilson, A M , Ph D 814 Vir- 
ginia Ave , Columbia, Mo Lecturer in Physi- 
ology, Stanford University, Professor Emeritus 
of Physiology and Pharmacology, University of 
Missouri (1, 1900, 2, 1919, 3, 1909) 

Greene, Harry S N , M D , C M Department of 
Pathology, Yale University School of Medicine, 
New Haven, Conn Professor of Pathology (4, 
1937) 

Greene, James Alexander, M D Baylor Univer- 
sity, College of Medicine, Buffalo Drive , Hous- 
ton, Texas Professor and Chairman of the De- 
partment of Internal Medicine and Dean of the 
Clinical Faculty (1, 1939) 

Greene, Ronald R , MS, M D Northwestern 
University Medieal Sehool, 303 E Chicago Ave , 
Chicago, 111 Instructor in Physiology, Instruc- 
tor in Obstetrics and Gynecology (1, 1941) 
Greengard, Harry, Ph D , M D Northwestern 
University Medical School, 303 E Chicago Ave , 
Chicago, 111 Assistant Professor of Physiology 
(1, 1939) 

Greenstein, Jesse P , Ph D National Cancer In- 
stitute, Bethesda, Md Principal Biochemist 
(2, 1935) 

Greenwald, Isidor, Ph D 477 First Ave , New 
York City Associate Professor of Chemistry, 
New York University College of Medicine 
(2, 1912, 5, 1933) 

Creep, Roy O , Ph D Harvard School of Dental 
Medicine, 188 Longwood Ave , Boston 15, Mass 
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Assisfani /’ro/fstor 0 / Dental Science (Dental 
)Micinc), Teaching rcllnii in Inatoim/ (Meil 
leal School) (!,]'» !0) 

Greer, C M , M S Vanderbilt Unn crsitj Scliool 
of Medicine, Nashville, Tenn Research Asso- 
ciatc in Pharmacology (3, 193S) 

Gregersen, Magnus 1 , AM, Ph D College of 
Ph)sici'ins and Surgeons, Columbia Unnersitj, 
630 AV 16Sth St , Non York Citj Professor of 
Physiology (I, 1933) 

Gregg, Donald Eaton MS, Pb D , M D I’m 
leiNiti of RoclicstcrModinl Srliool, 200 Critlen 
den Bhd , Rochester 7, N A (1,1033) 

Gregory, Raimond L , Ph D , M D Unncrsitj 
of Texas School of Medicine, 1419— 21th St , 
GaKcston Professor of Medicine (1,1945) 
Grcig, Margaret r , B V ,M \ , Ph D Aaiiderbilt 
Um\ School of Medicine, Nashiille 4, Teiin 
issistant Professor in Pharmacology (3, 1040) 
Grcisheimer, Esther M , Ph D , M D Temple 
Unncrsitj Medical School, 3400 N Broad St, 
Philadelphia, Pa Professor of Physiology (1,1925) 
Grenell, Robert G , P)i D Section of Ncuro 
anatomj, Yale Unnersitj School of Med , Non 
Haien 11, Conn Research issistaiit (raid of 
Instructor), Laboratory of Physiology (1, 1945) 
Griffin, Angus, Ph D Department of Bacton- 
ologj, George Washington Universitj School 
of Medicine, 1335 H St , N W , AVashington, 
D C Assistant Professor of Bacteriology 
(6, 1940) 

Griffith, Fred R , Jr , M A , Ph D 24 High St , 
Buffalo, N Y Professor of Physiology, Unt- 
rcrsily of Buffalo Medical School (1, 1923, 
5, 1933) 

Griffith, Wendell H , M S , Ph D St Louis Univ 
School of Medicine, St Louis 4, Mo Professor 
of Biological Chemistry (2, 1923 , 5, 1934) 
Crimson, Keith S , M D Duke Umversitj' School 
of Medicine, Durham, N C Associate Professor 
of Surgery (1, 1943) 

Gnndiay, John H , M D Mayo Clime, Roches- 
ter, Minn (1, 1945) 

Groat, Richard A , Ph D Bowman Gray School of 
Medicine, AAhnston Salem 7, N C (1, 1945) 
Groat, William A , M D 713 E Genesee St , 
Syracuse, N Y Professor of Clinical Pathology, 
Syracuse University College of Medicine (6, 
1917) 

Grodins, Fred S , M D School of Aviatioh 
Medicine, Randolph Field, Texas Captain, 
M C (1, 1945) 

Groliman, Arthur, M D , Ph D Southwestern 
Medical College, 2211 Oak Lawn Ave , Dallas, 
Texas Research Professor of Medicine and Asso- 
ciate Professor of Biochemistry (1, 1928,3,1933) 
Gross, Erwin G , Ph D , M D Medical Labora- 
tones. State University of Iowa, Iona City 


Professor of Pharmacology (1, 1927 , 2, 1923, 
3. 1927) 

Gross, Robert E ,MD Harvard Medical School, 
300 Longiiood Ave , Boston, Mass Assistant 
Professor of Surgery (4,1910) 

G rossmnn, Morton Inin, M S , Ph D , M D , 
Dept of Pbj Biology, Norlhvcslorn Univ Med 
School, 303 E Chicago Ave , Chicago, III In- 
structor in Physiology (1, 1940) 

Gruber, Charles M , A M , M D , Ph D Jeffer- 
son Medical College, 1025 AA’alnut St , Philadel- 
phia, Pa Professor of Pharmacology (1, 1914, 

3, 1919) 

Gruhzit, Oswald M , M D Research Laboratones, 
Parke, Davis &. Co , Detroit, Mich Research in 
Pathology and Pharmacology (4, 1928) 
Grundfest, Harrj, A M , Ph D Columbia Umv 
P ami S , 030 AA’cst IGStli St , New York 32, 
X Y Issociate in Xcurology (1, 1932) 
Gudcrnatsch, F , Ph D Graduate School, New 
York University, AAashington Square E , New 
York City Visiting Professor (1, 1930) 
Guerrant, N B , M S , Ph D Pennsylvania 
State (Mllegc, State College Professor of 
Biological Chemistry (2, 1934 , 5, 1933) 

Guest, George Martin, MS, M D The Chil- 
dren’s Hospital, Research Foundation, Elland 
and Bethesda Aves , Cincinnati, 0 Fellow of 
the Children’s Hospital Research Foundation, 
Associate Professor of Pediatrics, University of 
Cincinnati, College of Medicine and Graduate 
School (2, 1933) 

Guest, Maurice Mason, Ph D Dept of Phxsi- 
ologv, AA’aync Univ , College of Medicine, De- 
troit 20, Mich Assistant Professor of Physiology 
(1, 1946) 

Gulick, Addison, AM, Ph D 308 AVestmount 
Ave , Columbia, Mo Professor of Physiological 
Chemistry, Uniiersity of Missouri (1, 1915, 
5, 1933) 

Gunn, Francis D , M D University of Utah, 
School of Medicine, Salt Lake City Professor of 
Pathology (4, 1938) 

Gunsalus, Irwin C , Ph D Laboratorj of Bac- 
tenology, Cornell Univ , Ithaca, N Y Associate 
Professor of Bacteriology (2, 1946) 

Gunn, S , MS, Ph D University of Pennsyl- 
vania School of Medicine, Philadelphia Assist- 
ant Professor in Physiological Chemistry (2, 
1938) 

Gustavson, Reuben G, PhD Unnersitj of 
Chicago, Chicago 37, 111 Vice President and 
Dean of Faculties (2, 1927) 

Gustus, Edwin L , M Sc , Ph D 5321 S Cornell 
Ave , Chicago 15, 111 (2, 1934) 

Guthrie, Charles Claude, M D , Ph D , Sc D 
University of Pittsburgh Medical School, Pitts- 
burgh, Pa Professor of Physiology and Phar- 
macology (1, 1905 , 3, 1909) 
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Guttman, Rita M , M A , Pli D , 263 Eastern Park- 
way, Brooklyn 16, N Y , Inslnictor in PItint- 
ology (1, 1946) 

Gjorgy, Paul, MD 3400 Sptucc St, Pluladcl- 
phia 4, Pa Clinical Piofcisor of Pediatric,, 
University of Pennsylvania School of Mcdivinc 
(2, 1938 , 5, 1939) 

Haag, Harvey B , M D Medical College of Vir- 
ginia, Richmond Professor of Pharmacology 
(3, 1934) 

Haag, J R , Ph D Oregon Agricultural Experi- 
ment Station, Corvallis Chemist (5, 1941) 
Haas, Erwm, PhD Institute of Pathology, 
Western Reserve Univ , Cleveland, Ohio As- 
sistant Professor in Experimental Pathology (2, 
1946) 

Habetmau, Sol, M A , Ph D \Vm Buohauan 
Blood, Plasma and Seium Center, Baylor Hos- 
pital, Dallas, Texas Chief of Bacteriology and 
Serology Services (6, 1944) 

Hadidian, Zareh, Ph D Worcester State Hos- 
pital, Worcester, Rlass Physiologist, Memorial 
Foundation for Nemo endocrine Research (1, 
1945) 

Hadley, Philip Bardwell, Ph D Institute of 
Pathology, Western Pennsylvania Hospital, 
Pittsburgh Chief of Bacteriological Service 
and Research Bacteriologist (4, 1927) 
Hafkesbnng, H Roberta, Ph D Woman’s Medi- 
cal College of Pennsylvania, East Falls, Phila- 
delphia Professor of Physiology (1, 1931) 
Haggard, Howard W , M D 4 Hillhouse Ave , 
New Haven, Conn Director of the Laboratory 
of Applied Physiology, Yale University (1, 
1919,2, 1920) 

Hahn, Paul F , Ph D Vanderbilt University 
School of Medicine, Nashville, Tenn Associate 
Professor of Biochemistry (4, 1939 , 1, 1946) 
Haig, Charles, M A , Ph D New York Medical 
College, Flower and Fifth Avenue Hospital, 
Fifth Ave at 105th St , New York City Assist- 
ant Professor of Physiology (1, 1942) 

Haist, Reginald E , M A , M D , Ph D Univer- 
sity of Toronto, Toronto, Ontario, Canada As- 
sociate Professor of Physiology (1, 1943) 

Haldi, John, A M , Ph D Emory University, 
Emory University, Ga fl, 1928) 

Hale, Worth, MD Harvard Medical School, 
Boston, Mass Associate Professor of Phar- 
macology (1, 1908, 3, 1908) 

Hale, Ym M , MD The State University of 
Iona College of Medicine, Iowa City Professor 
of Bacteriology (4, 1941, 6, 1935) 

Hall, F G , M A , Ph D Duke Univ School of 
Medicine, Dept of Physiology and Pharma- 
cology , Durham, N C (1, 1937) 

Hall, George Edward, M D , Ph D University of 
IVestern Ontario, Ottanay Ave and Waterloo 
St , London, Canada Dean of the Faculty of 
Medicine (1, W3S) 


Hall, Victor E , M A , M D Department of 
Phy'siology, Stanford University, Calif Profes 
sor of Physiology (1, 1931) 

Hallenbcck, George Aaron, Pli D , M D \cro 
Med J^ab , Eng Di\ , Air Tech Sen Com 
inaiul, Wnglit Field, Dayton, Oliio Chief, 
Acceleration Unit (1, 1016) 

Hallidny, Nellie, PhD Lniversiti of California 
Hospital, San 1 run isi o 22, C ilif (5, 1033) 
Halpert, IRln, M D University of Oklahoma 
School of Medicine, Oklahoma City Director of 
Laboratories and Professor of Clinical Path- 
ology (4, 1936) 

Halsey, John T , M D P 0 Box 264, Wavcland, 
Miss Professor Emeritus of Pharmacology, 
Tiilanc University of Jjouisiana (3, 1929) 
Halstead, V’ard G , M A , Ph D Dept of Mcdi- 
cine, Unncrsity of Chicago, Chicago, HI Asso- 
ciate Professor Experimental Psychology, Divi- 
sion of Psychiatry (1, 1012) 

Ham, Arthur W , M B University' of Toronto, 
Toronto 5, Canada Professor of Anatomy, in 
charge of Histology (4, 1039) 

Hnmbourger, Y’altcr E , Ph D , M D G D 
Scarlc A Co , P 0 Box 5110, Chicago, 111 Chief 
Pharmacologist (3, 1934) 

Hamilton, Bengt L K , M D US Marine Hos- 
pital, Staten Island, X Y Senior Surgeon, 
U S Public Health Service R (Serving oicr- 
seas ) (2, 1925) 

Hamilton, James B , Ph D Department of 
Anatomy , Long Island College of Med , 350 
Henry Street, Brookly n 2, N Y (1, 1938) 
Hamilton, Paul B , M A , Ph D Alfred I Du 
Pont Institute, Nemours Foundation, Wilming- 
ton, Del Chief of Biochemistry (2, 1946) 
Hamilton, Tom S , M S , Ph D 551 Old Agricul- 
tural Building, Urbana, 111 Professor and Chief 
of Animal Nutrition, University of Illinois 
(2, 1937, 5, 1938) 

Hamilton, W F , Ph D University of Georgia 
School of Medicine, Augusta Professor of 
Physiology and Pharmacology (1, 1924) 
Hammett, Frederick S , MS, AM, Ph D 493 
Commercial St , Provincetown, Mass Scien- 
tific Director, Lankenau Hospital Research 
Institute, Philadelphia, Pa (1, 1920, 2, 1917) 
Hammon, William McD , M D , M P H , Dr 
PH 254 Nawona St, San Francisco, Calif 
^Acting Dean and Professor of Epidemiology, 
Univ of Calif School of Public Health, and 
Professor of Epidemiology, George Williams 
Hooper Foundation (4, 1944) 

Hampel, C W , Ph D New York University 
College of Medicine, Nen York N Y Visiting 
Professor of Physiology (I. 1936) 

Handler, Philip, MS, PhD Duke University 
School of Medicine, Durham, N C Assistant 
Professor of Biochemistry and Nutrition (2, 
1944, 5, 1946) 
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Handler, Cnrroll A , Ph D BnilorUnn CoIIobc 
of Medicine, Houston 1, Tcvos Professor of 
Pkmohgy and Pharmacology (3, 1912) 

Haner, Hance P , Ph D , M D Unn ersitj of 
Oregon Medical School, Portland Professor of 
Physiology and Head of the Department (1, 
W39) 

Hanger, Franklin, M D College of Phj siciana 
and Suggeons, C30 IV IGSth St , Non York Citj 
Issociofc Professor of Medicine, Columbia 
Unircrsity (G, 1930) 

Hanke, Martin E , Ph D University of Chicago, 
Chicago, 111 Associate Professor of Biochemis- 
try (2, 1925) 

Hanke, Milton Theo , Ph D 7550 S Green St , 
Chicago, 111 Research Consultant, Biochemis- 
try and Nutrition (2, 1919) 

Hanks, John H , Ph D Culion, Palawan, Philip 
pmo Islands (6, 1935) 

Hansen, Arild E , M D Uni\ ersitj of Texas Medi- 
cal School, Galveston Professor of Pediatries and 
Chairman of the Department, Director of the 
University of Texas Child Health Program 
(4, 1941,5, 1942) 

Hanzal, Ramon F , M A , Ph D Kilhan Research 
Laboratories, 49 W 45th St , New York Citj 
Bioehemisi (2, 1935) 

Hanzlik Paul J , M D School of Medicine, Stan 
ford Uiii\crsitj, Sacramento and Webster Sts , 
San Francisco, Calif Profciior of Phai macology 
(1. 1912,3, 1912) 

Hardy, James Daniel, AM, Ph D Russell 
Sage Institute of Pathology, 525 E CSth St , 
New York City Research Associate (1, 1939) 
Hardr, Mary, D Sc The Brearley School, 610 
E 83rd St , New York City Teacher of Science 
(1. 1933) 

Hare, Kendrick, Ph D 1300 York Ave , New 
York, N Y (1, 1938) 

Harger, R N , M A , Ph D Indiana University 
School of Medicine, Indianapolis Professor of 
Biochemistry and Toxicology (2, 1938) 

Harkins, Henry Nelson, M S , Ph D , hi D Johns 
Hopkins Hospital, Baltimore, Md Associate 
Professor of Surgery, Johns Hopkins University 
Medical School (1, 1942) 

Harmon, Paul M , A M , Ph D Indiana Univer- 
sity, Bloomington Professor of Physiology 
(1, 1930) 

Harne, O G Umversity of Maryland School of 
Medicine, Baltimore Associate Professor of 
Histology (1, 1935) 

Hamed, Ben King, M S , Ph D Lederle Labora- 
tories, Pearl River, N Y Associate Head, Divi- 
sion of Pharmacology (2, 1931 , 3, 1941 1 
Hams, Albert H , hi D , N Y State Dept of 
Health, Division of Laboratories and Research, 
New Scotland Ave , Albany 1, N Y Associate 
Bacteriologist (G, 1937) 


Harris, Albert Sidney, PhD Western Reserve 
University School of Medicine, Cleveland, 0 
Assistant Professor of Physiology (1, 1939) 
Harris, Milton, Ph D 1216 Taylor St , N W , 
IVasliington 11, D C Director of Research, 
Milton Harris Associates (2, 1939) 

Harris, Philip L , MS, Ph D Distillation 
Products, Inc , 755 Ridge Rond W , Rochester 13, 
\ y Head of Biochemistry Research Depart- 
ment, and Instructor in Physiology, University 
of Rochester Medical School (5, 1915, 2, 1946) 
Horns, Robert S Massachusetts Institute of 
Icchiiology , Cambridge Professor of Nulrilional 
Biochemistry (5, 1911) 

Harris, T N , M D , 2222 N 53rd St , Philadel- 
phia 31, Pa Associate in Pediatrics, Untv of 
Pennsylvania (G, 1946) 

Hams, William H , M D Tulanc Umversity 
School of Medicine, New Orleans, La Assistant 
Professor of Pathology and Bacteriology (4, 
1925) 

Harrison, Prank, MS, Ph D University of 
Tennessee College of Medicine, Memphis 
Assistant Professor in Anatomy (1, 1941) 
Harrison, James A , Ph D Temple Univ , Phila- 
delphia 22, Pa Professor of Biology (G, 1946) 
Harrison, Ross Granville, M D , Ph D , So D 
Osborn Zoological Laboratory, New Haven, 
Conn Sterling Professor of Biology, Emeritus, 
Yale University, Chairman of the National 
Research Council, Member of the National Acad- 
emy of Sciences (1, 1906) 

Harrison, R Wendell, M D , Ph D 950 East 
59th St , Chicago 37, 111 Professor of Bacteri- 
ology, Dean, Division of Biological Sciences, 
Univ of Chicago (6, 1934) 

Harrow, Benjamin, M V , Ph D College of the 
City of New York, Convent Ave and 139th St , 
New York City Professor of Chemistry (2, 1927) 
Hart, E B , B S Agricultural College, Madison, 
Wis Professor of Biochemistry, Umversity of 
Wisconsin (2, 1910, 5, 1933) 

Hart, E Ross, M S , Ph D Jefferson Medical Col- 
lege, 1025 Walnut St , Philadelphia, Pa Assistant 
Professor of Pharmacology (3, 1944) 

Hart, William M ,Ph D Temple Medical School, 
Broad and Ontario Sts , Philadelphia 40, Pa 
Assistant Professor of Physiological Chemistry 
(1, 1945) 

Hartley, Geo , Jr , M A , Ph D , M D Boston 
Univ School of Medicine, 80 E Concord St , 
Boston, Mass Assistant Professor of Pathology 
(G. 1941) 

Hartline, H K , hi D Johnson Foundation 
Universitv of Pennsylvania, Philadelphia, Pa , 
Issistant Professor of Biophysics (1, 1929) 
Hartman, Carl G , AM, Ph D Department of 
Zoology, University of Hhnois, Urbana Pro- 
fessor of Zoology and Head of the Department, 
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Member, National Academy of Sciences (1, 
1921) 

Hartman, Frank Alexander, A,iM , Pli D Depart- 
ment of Pliysiologj% Olno State University, 
Columbus Professor of Physiology and Chairman 
of the Department (1, 1910) 

Hartman, F TV , M D Henry Ford Hospital, 
Detroit, Mich Pathologist (4, 1927) 
Hartmann, Alexis F , M S , M D 500 S Kings- 
highway, St Louis, Mo Professor of Pediatrics, 
Washington University School of Medicine 
(2, 1932) 

Harvei, A McGhee, A B , M D lohus Hopkins 
Hospital, Baltinioic 5, Md Professor of Medinnc, 
Johns IIopLtns Univ Medical School, Physician- 
in-chicf, Johns Ifophns Hospital (1, 1010, 3, 
1946) 

Harvey, E Newton, PhD Guyot Hall, Prince- 
ton, N J Henry Fairfield Osborn Professor of 
Biology, Princeton University, Member, Na- 
tional Academy of Sciences (1, 1914, 2, 1910) 
Hass, George, M D Presbj ternn Ilospit il of 
Chicago, 1753 W Congress St , Chicago 12, 111 
Professor of Pathology, Univ of Illinois College 
of Medicine Chairman of Dept of Pathology, 
Presbyterian Hospital of Chicago (4, 1030) 
Hassid, William Z , MS, Ph D Division of 
Plant Nutrition, Univ of California, Berkeley, 
Calif Associate Piofcssoi of Plant A^nlrition 
(2, 1946) 

Hastings, A Baird, Ph D , Sc D Harvard Medi- 
cal School, Boston, Mass Hamilton Kuhn 
Professor of Biological Chemistry, Member, 
National Academy of Sciences (1, 1927, 
2, 1921 , 5, 1940) 

Haterius, Hans O , Ph D Boston University 
School of Medicine, SO E Concord St , Boston 
18, Mass Professor of Physiology (1, 1936) 
Hathaway, Milicent L , M A , Ph D Bureau of 
Human Nutrition and Home Economics, (Food 
and Nutrition Division), Agricultural Reseaich 
Administration, Washington 25, D C (5 
1945) 

Hauck, Hazel M , Ph D Cornell University, 
Ithaca, N Y Professor of Home Economics 
(5, 1941) 

Hauge, Siegfred M , Ph D Purdue University 
Agricultural Experiment Station, Lafayette, 
Ind Research Associate in Biochemistry (5, 
1933) 

Haun, Victor G, MB, MD 1428 S Willow 
St , Ottaiia, ICansas (3, 1939) 

Haven, Frances L , M A , Ph D University of 
Rochester School of IMedicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y Asso- 
ciate in Biochemistry (2, 1941) 

Hank, Philip B , M S , Ph D 750 W 50th St , 
Miami Beach, Fla President, Food Research 
Laboratories, Inc (1, 1903, 2, 1906) 


Hnnkhis, J K , Jr , B \ (Oxori), PhD Row 
man Grai School of Medicine, Winston Salem, 
N C ] sit slant Prnjrs’-nr of Physiology (1, 

ion) 

Hnnkins, Willinm Bruce, M D University ol 
Rochcbtcr School of Medicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y Asso 
ciatc Professor of Pathology (4, 1933) 

Hanks, Jean E Division of Home Economics, 
Michigan State College, East Lansing Assoc 
Professor of Bvlrilion (5,1914) 

Hnnlcy, Kstcllc E , Ph D Medical School, Uni- 
versity of Rochester, Rochester, N Y Research 
Fellow in Pediatrics (5, 1935) 

Hny, Eleanor Clarke, PhD McGill UniiCrsity, 
hloiitrcal, Canada (1, J915) 

Hnymnn, J M , Jr , M D Lakeside Hospital, 
Cleveland, 0 Professor of Clinical Medicine 
and Therapeutics, H cstcrn Rescric University 
(1, 1928,3, 1032) 

Haynes, Florence 11 , MV, Pli D Harvard 
Medical School, 25 Shattuck St , Boston, hlass 
Research Fellow in Mcdtcinc (1, 1937) 

Havs, Ednin Everett. M S , Ph D Dept of Bio- 
chomistrv, College of Medieinc, Univ of Ver- 
mont, Burlington, 1 t Issislani Professor of 
Biochemistry (2, 1016) 

Hay thorn, Samuel R, MD Allegheny General 
Hospital, 320 E North Ave , Pittsburgh, Pa 
Director of William H Singer Memorial Labora- 
tory (4, 1925) 

Haynood, Charlotte, AM , PhD Mount Hol- 
yoke College, South Hadley, hlass Professor 
of Physiology (1, 1939) 

Hazen, Elizabeth L , M A , Ph D New York 
State Department of Health Laboratories, 339 
E 25th St , New York City Senior Bacteriolo- 
gist (6, 1931) 

Hazelton, Lloyd W, PhD Box 333, Falls 
Church, Va (3, 1944) 

Heard, K D H , M A , Ph D Dept of Biochem- 
istry>^, McGill Univ , Montreal, Canada Asso- 
ciate Professor of Biochemistry (2, 1938) 
Hecht, Sehg, Ph D Columbia University, New 
York City Professor of Biophysics Member, 
National Academy of Sciences (L 1920) 

Hechter, Oscar M , Ph D Worcester Founda- 
tion Exper Biol , 222 Maple Ave , Shrewsbury, 
Mass (1, 1945) 

Heft, Hattie L , Ph D Teachers College, Colum- 
bia University, New York City Assistmt 
Professor of Physiological Chemistry (2, 1927) 
Hegnauer, Albert H , Ph D Syracuse Univer- 
sity, Syracuse, N Y Asszstani! Professor of 
Physiology (1, 1937) 

Hegsted, David Mark, MS, Ph D Schools of 
Medicine & Public Health, Harvard Univer- 
sity, 25 Shattuck St , Boston, Mass Assistant 
Professor of Nutrition (5, 1944) 
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Hcideibcrgcr, Michael, Ph D , M A G20 W 
IGSthSt ,Ncx\ YorkClt^ Pro}C),sorof Biologi- 
cd Chemtdri), Cohimhia Umtcr'iiUj, Cheimd to 
the Mettled Sen ice, Preshiilcnan Ifoipilal 
(2 1027, G. 1935) 

Hcilbrunn, Lewis Victor, PhD Unucrsitj of 
Pcnnsjh'ini'i, PhiHdelphi'i Professor of Zo~ 
ohgu {1, 1930) 

Heim, J B illinm, Ph D \cro Medical Ijabomtorj , 
Arnn \ir Forces, BTight Field, Daj ton, O 
Principal Research Phijsiologid, Issislaiil in 
Phiisiologij, Ilanard School of Public Health 
(1. 193G) 

Heinbeckcr, Peter, M D Wnshington Univcr- 
silj Medical School, St Louis, Mo Associate 
Professor of Clinical Surgery (1, 1930) 

Held, O M , M S , Ph D Xcw York Unn crsity, 
IJniiersitj Heights, New Y’ork Citj Associate 
Professor of Biology (1, 1932) 

Hellbaum, Arthur A , M V , Ph D , M D Uni- 
lersitj of Oklahoma School of Medicine, Okla- 
homa Gita Professor of Pharmacology (1, 
1937, 3, 1945) 

Hellebrandt, Frances Anna, M D Medical Col- 
lege of Virginia, Richmond Professor of Physical 
Jlcdicinc (1, 1933) 

Heller, Carl G , AID, Ph D Unn orsit> of 
Oregon Medical School, Portland 1 Associate 
Professor of Physiology and Medicine (1, 1945) 
Heller, Victor G , Ph D Oklahoma A A. M 
College, Stillwater Head of the Department of 
igncidtural Chemistry Research (2, 1935, 5, 
1935) 

Hellerman, Leslie, Ph D Johns Hopkins Uni- 
versitj School of Medicine, 710 N Washington 
St , Baltimore, Aid Assistant Professor Physi- 
ological Chemistry (2, 1935) 

Helmer, Oscar Marvin, M S , Ph D Lilly Labo- 
ratory for Clinical Research, The Indianapolis 
City Hospital, Indianapolis, Ind Head of 
Department of Physiological Chemistry, Research 
Associate in the Department of Medicine, Indiana 
Vniiersity School of Medicine (2, 1935) 
Hemingway, Allan, Ph D 241 Cecil St , S E , 
Minneapolis Associate Professor of Physiology, 
Uniiersity of J/niiicsofo (1, 1933) 

Hendrix, Byron M , Ph D School of Medicine, 
Umversity of Teaas, Galveston Professor of 
Biochemistry (2, 1920) 

Hendrix, James Paislev, B S , M A , M D Duke 
Hospital, Durham, N C Associate tn Medicine 
(tn charge of Therapeutics), Associate in Physi- 
ology and Pharmacology, Dale University School 
of Medicine (3, 1942) 

Hendry, Jessie L , AI A Division of Laboratories 
and Research, New York State Department of 
Health, New Scotland Ave , Albany Senior 
Bacteriologist (6, 193S) 


Hcnlc, IVcrncr, MD 1710 Bainbridge St, 
PhiluUlphia 4G, Pa Associate Professor of 
Virology in Pediatries (G, 193S) 

Hcnschcl, Austin F , Ph D University of Minne- 
sota Minneiiwlis Assistant Professor of Physio 
logical Hygiene (1, 1914) 

Hepburn, Joseph Samuel, AM, AI S , Ph D , 
M D C liem D 215 N 15th Si , Philadelphia 2, 
Pi Professor of Chemistry and Research isso- 
rialc in Gastro J' ntcrologij, Hahnemann Medical 
( ollcgi and Hospital (2, 1016) 

Hcplcr, Opal E , Ph D , M D Northwestern Uni- 
versity Medical School, 303 E Chicago Ave , 
Chicago, 111 Assistant Professor of Pathology 
(4, 1939) 

Herbst, R M , Ph D 39 KnoIIwood Road, Short 
Hills, N J Director of Research, E Bilhuber, 
Inc , Orange, H J (2, 1938) 

Herrick, C Judson, Ph D 236 Morningside 
Drive, Grand Rapids, Mich Professor Emeri- 
tus of Neurology, University of Chicago, Member 
of the National Academy of Sciences (1, 1907) 
Herrick, Julia F , M A , Ph D P O Bov 41 
Asbury Park, N J (1, 1933) 

Herrin, Rajonond C , Ph D , M D University of 
IVisconsm Medical School, Madison Associate 
Professor of Physiology (1, 1932) 

Herrington, Lovic P , M A , Ph D 290 Congress 
Ave , New Haven, Conn Associate Director, 
John B Pierce Laboratory of Hygiene, Research 
Associate Professor, Dept of Public Health, 
Yale Medical School (1, 1942) 

Henriott, Roger M , Ph D Rockefeller Institute 
for Medical Research, Princeton, N J Asso- 
ciate (2, 1940) 

Herr mann, George, Ph D , M D Umversity of 
Texas, Medical Branch, Galveston Professor of 
Medicine (4, 1925) 

Hermann, Julian B , Ph B , M D 2 East 94th St , 
New York 28, N Y (3, 1941) 

Herrmann, Louis George, M D Cincinnati Gen- 
eral Hospital, Cincinnati 29, 0 Associate 
Professor of Surgery, University of Cimnnali 
College of Medicine, Assistant Director of Surgi- 
cal Services, Cincinnati General Hospital and 
Children's Hospital (4, 1933) 

Hershey, A D , Ph D Washington Umversity 
School of Medicine, St Louis, Mo Associate 
Professor of Bacteriology and Immunology (G, 
1942) 

Hertig, Arthur T , M D Harvard Umversity Medi- 
cal School, 221 Longwood Ave , Boston, Alass 
Assistant Professor of Pathology and Assistant 
Professor of Obstetrics (4, 1941) 

Hertz, Boy, Ph D , AI D National Institute of 
Health, Bethesda 14, Aid P H Surgeon (B), 
Division of Physiology (1, 1945) 
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Hertz, Saul, M D Massachusetts General Hos- 
pital, Fruit St , Boston Research Associate, 
Harvard Medical School and Massachusetts 
Institute of Technology (4, 1935) 

Hertzman, Alrick B , Ph D St Louis University 
School of Medicine, St Louis, Mo Professor 
of Physiology and Director of the Department 
(1, 1925) 

Herwlck, Robert P , Ph D , M D , LL BUS 
Food and Drug Administration, Washington, D 
C Chief , Drug Division, Associate Prof Pharma- 
cology, Georgetown Medical School, Adjunct 
Clinical Professor Medicine (Therapeutics) 
George Washington Medical School (3, 193S) 
Hess, Charles L , MS, M D 30S Davidson 
Bldg , Bay City, Mich (1, 191G) 

Hess, Charles C, PhD Georgetown Modu il 
School, 37 and Rescnoir Rd , N W Washington, 
D C Professor of Physiological Clicmistrii 
(2, 1935) 

Hetherington, Albert W , M S , Ph D North- 
western University Medical School, 303 E Chi- 
cago Ave , Chicago, 111 Instructor in Neurology 
(1, 1943) 

Hewitt, Earl Albon, M S , Ph D Iowa State 
College, Ames Associate Professor of Veter- 
inary Physiology (1, 1932) 

Hewitt, Julia A W , B A 2031 Central Ave , 
N E , Minneapolis 13, Minn (G, 1921) 

Heyroth, Francis F , M D , Ph D Kettering 
Laboratory, College of Medicine, University of 
Cincinnati, Cincinnati, 0 Assistant Professor 
of Applied Physiology (2, 1935) 

Hiatt, Edwin P , M A , Ph D North Carolina Uni- 
versity School of Medicine, Chapel Hill As- 
sociate Professor of Physiology (1, 1942) 
Hickman, Kenneth C D , Ph D Distillation 
Products, Inc , 755 Ridge Road W , Rochester, 
N Y Vice-President and Director of Research 
(2, 1944) 

Higgins, Harold Leonard, MD 322 Franklin, 
Newton, MaSs Assistant Professor of Pediatrics, 
Harvard University (1, 1914, 5, 1933) 

Hill, Edgar S , M S , Ph D Washington Uni- 
versity, College of Dentistry, St Louis, Mo 
Associate Professor of Biological Chemistry and 
Physiology (2, 1936) 

Hill, Robert M , M S , Ph D 4200 E 9th Ave , 
Denver, Colo Associate Professor of Biochem- 
istry, University of Colorado Medical School 
(2, 1933) 

Hill, Samuel E , M A , Ph D 18 Collins Ave , 
Troj , N Y Research Worker, The Behr-Man- 
ntng Corp (1, 1934) 

Hiller, Alma, Ph D Rockefeller Institute for 
Medical Research, 66th St and York Ave , 
New York City Associate (2, 1929) 
Himmelsbach, a K , M D Suite 2308, 188 West 
Randolph, Gliicago, 111 (3,1938) 

Himwich, Harold E , M D Fallston, Md Chief, 


Climcnl Research Uranrh, Irnii/ Chemical Cen- 
in, l^dgeunnd Arsenal, Maryland (I, 102.i, 
5, 19 5 5) 

Hines, IInrr> M , M S , Ph D The State Uni 
vcrsit\ of low 1 , Iowa Clt^ Professor of Physi- 
ology (I, 1928) 

Hines, Marion, Ph D Johns Hopkins Medical 
School, Baltimore, Md Associate Professor of 
Anatomy (1, 1932) 

Hinrichs, Mane, Pli D , M D Southern Illinois 
Normal University, Carbondalc Professor of 
Phiisioloyy, Director of hludcnt Health Beriicc 
(1. 192S) 

Hinscy, Joseph C , M S , Ph D Cornell Univer- 
sity Mcfhcal College, 1300 York Av'o , New York 
City Professor of Anatomy and Dean of the 
Medical College (I, 1929) 

Hirschmnnn, Hans, M D , Ph D Hakeside Hos- 
pital, Clcveluid, Ohio Issistant Professor of 
Bioehrniistry, Department of Medicine, Western 
Rcseric Dniicrsily (2,1916) 

Hisnw, Frederick L , A M , Ph D The Biological 
Laboratories, Harvard University, Cambndge 
Mass Professor of Zoology (1, 1932) 
Hitchcock, David 1 , Ph D 333 Cedar St , New 
Haven, Conn Associate Professor of Physiol- 
ogy, Yale University (2, 1930) 

Hitchcock, Fred A , M Sc , Ph D Ohio State 
Univ crsity, Columbus Professor of Physiology 
(1, 1927, 3, 1933) 

Hitchcock, Philip, A B , MS, Ph D Depart- 
ment of Phy siologv and Ph irmacology , Medical 
College of Alabama, Birmingluam 5, Ala Assist- 
ant Professor of Physiology and Pharmacology 
(3, 1946) 

Hitchings, George H , M S , Ph D 50 Primrose 
Ave , Tuckahoe 7, N Y Biochemist, Wellcome 
Research Laboratories (2, 1942) 

Hjort, Axel M ,M D ,Ph D P 0 Box 281, 14 Fern 
Way, Scarsdale, N Y Adjunct Physician, Grass- 
lands Hospital, Valhalla, N Y (2, 1925) 
Hoagland, Hudson, M S , Ph D Worcester State 
Hospital, Worcester, Mass (1, 1932) 

Hobby, Gladys L , A B . M A , Ph D 11 Bartlett 
St , Brooklyn 6, N Y Bacteriologist, Chas 
Pfizer A Co (6, 1946) 

Hober, Rudolf University of Pennsylvania Medi- 
cal School, Philadelphia Visiting Professor of 
Physiology (1, 1936) 

Hodes, Robert, Ph D Johnson Foundation, Uni- 
versity of Pennsylvania, Philadelphia Assoeiate 
in Biophysics (1, 1941) 

Hodge, Harold C , Ph D University of Rochester 

School of Medicine and Dentistry. Rochester, 
N Y Associate Professor of Biochemistry 
and Pharmacology (2, 1937) 

Hoefer, Paul F A , Ph D , M D Neurological 
Institute of New York, 710 W 168th St , evr 
York 32, N Y Associate Professor of Neu- 
rology (1, 1945) 
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HolT, Ebbe Curlis, M A , Ph D Dop'\rtmcnt of 
Pbjsiologj , Ynlc Unn orsitj School of Mcchcino, 
333 Ccdir St , Nc\\ H'i\on, Conn (1, 1933) 

Hoff, Hebbcl B , M A , Ph D McGill University, 
Montrcsl, Quebec, Cimdii Professor of Phys- 
iology (1, 1933) 

Hoffman, Olive, M S , Ph D Prcsbjtennn Hos- 
pital, 61 N 39th St , Philadelphia, Pa (1, 1935) 
Hoffman, 'William Samuel, Ph D , M D 029 S 
Wood St , Chicago, 111 Iciinp Director of Labora- 
tories and ictiiig Director of the JlcUocn Inslt- 
tute for Medical Research, Cook County Hospital 
(2, 1935) 

Hogan, Albert G , V. M , PhD 105 Schweitzer 
Hall, Columbia, Mo Professor of Animat 
Nutrition, Vnncrsiiy of Missouri (2, 1916, 
5, 1933) 

Hogness, Thorfin R , Ch E , Ph D Department of 
Chcmistrj, Univcrsitj of Chicago, Chicago, HI 
Professor of Chemistry (2,1941) 

Holch, Harald G O , Ph D College of Pharmacy, 
University of Nebraska, Lincoln Associate Pro- 
fessor of Pharmacology (I, 1935, 3, 1938) 
Hollander, Pranklin, Ph D Mount Sinai Hos- 
pital, Fifth Avc and lOOlh St , New York City 
Assoeiale tn Physiology, Head, Gastro-Enter- 
ology Research Laboratory (1, 1942 , 2, 1932) 
Holm, August, Sc D E R Squibb A, Sons, New 
Brunswick, N J Head, Bacteriology Developing 
Lahoratorics (G, 1946) 

Holman, Russell Lowell, M D Ixiuisiana State 
Univcrsitj Schoolof Medicine, New Orleans, La 
Professor of Pathology (4, 1940) 

Holmes, Arthur Dunham, Ph D Massachusetts 
State College, Amherst Research Professor of 
Chemistry (2, 1931 , 5, 1933) 

Holmes, Julia O , MS, Ph D Massachusetts 
State College, Amherst Research Professor of 
Nutrition (2, 1942, 5, 1936) 

Holt, Joseph Pajnter, M S , M D , Ph D Stand- 
ard Oil Co , Room 2400, 30 Rockefeller Plaza, 
New York 20, N Y Director of Medical Research 
(1. 1942) 

Holt, L Emmett, Jr , M D 477 First Ave , New 
lork 16, N Y Professor of Pediatrics, Ncio 
1 ork Vnnersity College of Medicine (2, 1930, 
5, 1946) 

Hoobler, Icie Mac}, MS, PhD, Sc D 660 
Prcdcnck St , Detroit, Mich Director, Research 
Laboratory Children’s Fund of Michigan (2, 
1925, 5, 1933) 

Hooker, Davenport, M A , Ph D University of 
Pittsburgh School of Medicine, Pittsburgh, Pa 
Professor of Anatomy (1, 1920) 

Hooker, Sanford B , A M , M D 80 B Concord 
St , Boston, Mass Member, Evans Memorial 
(6, 1918) 

Hoover, Sam R , M A , Ph D 7815 Linden Rd , 
Philadelphia IS, Pa Senior Chemist Eastern Re- 


gional Research Laboratory, U S Department of 
Agriculture (2, 1946) 

Hoppert, C A , Ph D Michigan State College, 
Bov. 626, East Lansing Professor of Biological 
Chemistry (5, 1935) 

Hopps, Howard C , hi D Department of Pvthol- 
ogj , University of Oklahoma School of Medicine, 
SOI E 13th St , Oklahoma City, Okla Professor 
of Pathology and Chairman of Dept (6, 1946) 
Horowitz, Norman H, PhD Biologv Depart- 
ment, California Institute of Tcchnologj , Pasa- 
dena, Calif Senior Research Fellow (2, 1946) 
Horsfall, Prank L , Jr , M D , C M Rockefeller 
Institute, 66th St and York Avc , New York 
City Member (G, 1937) 

Horvath, Stev cn M , M A , Ph D Dept of Phj si- 
cal Medicine, Hospital of the Univ of Pennsjl- 
vania, Philadelphia, Pa (I, 1943) 

Horwitt, M K , Ph D Biochemical Research 
Laboratory, Elgin State Hospital, Elgin, HI 
Director, Biochemical Research Laboratory, 
Assistant Professor, Physiological Chemistry, 
University of Illinois School of Medicine (2, 
1941) 

Hoskins, R G , Ph D , M D Harvard Medical 
School, Boston, Mass Research Associate in 
Physiology, Harvard University, Director of 
Research, Memorial Foundation for Neuro- 
endocrine Research (1, 1911) 

Hotchkiss, Rollin D , Ph D The Rockefeller 
Institute for Medical Research, C6th St and 
York Avc , Now York City Associate (2, 1941) 
Hove, Edwin L , M S , Ph D Distillation Prod- 
ucts, Inc , 755 Ridge Road, West, Rochester 13, 
N Y Research Biochemist (5, 1946) 

Howard, Evelyn, AM, Ph D Johns Hopkins 
School of Medicine, Baltimore, Md Instructor 
tn Physiology (1, 1933) 

Howard, John Eager, A B , M D Johns Hopkins 
Hospital, Baltimore 5, Md Assisiant Professor 
of Medicine (1, 1946) 

Howard, Marion E , M D New Haven Hospital, 
New Haven, Conn Assistant Professor of 
Medicine, Yale School of Medicine, Associate 
Physician, New Haven Hospital and New Havm 
Dispensary (4, 1939 , 6, 1937) 

Howe, Paul E , A M , Ph D Bureau of Animal 
Industry, U S Dept of Agriculture, Washing- 
ton 25, D C Colonel, Sanitary Corps, NutrUion. 
Consultant, Public Health and Welfare, S CAP, 
APO BOO, do P M , San Francisco, Cal , On 
leatc as Chief, Animal Nutrition Dtiision, and 
Assistant Chief, Bureau of Animal Industry, 
U S Department of Agriculture (1, 1913, 2, 
1909 , 5, 1933) 

Howe, Percy R , M D , D D S Harvard Medical 
School, Boston, Mass Director Forsyth Denial 
Infirmary, Professor Dental Sciences, Instructor 
tn Pathology (5, 1935) 
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Howell, Katherine M , M D Michael Reeso 
Hospital, 2900 Ellis Ave , Chicago, 111 Head 
of Departments of Bacteriology and Serology 
(6, 1940) 

Howell, Stacey F , Ph D V D Research Labora- 
tory, U S Marine Hospital, Stapleton, Staten 
Island, N Y Chemist, U S Public Health Serv- 
ice (2, 1940) 

Hubbard, Roger Sanford, A M , Ph D 100 High 
St , Buffalo, N Y Biochemist, Buffalo General 
Hospital, Professor of Physiology, Buffalo Uni- 
vcisity Medical School (1, 1922, 2, 1920) 
Hubbell, Rebecca B , MS, Ph D Connecticut 
Agricultural E\perimcnt Station, New Haven 
Assistant Biochemist (2, 1937, 5, 1935) 
Hudack, Stephen Sjhester, MD ISO Fort 
Washington Ave , Nen York, N Y Associate 
Professor of Orthopedic Surgery, Columbia Unii 
(4, 1933) 

Huddleston, Ora Leonard M D , Ph D Fitzsim- 
mons General Hospital, Denver, Colo Major, 
MC, Instructor in Physiology, University of 
Colorado School of Medicine (1, 193G) 

Hueper, Wilhelm C , M D Warner Institute for 
Therapeutic Research, 113 W ISth St , New 
York City Assistant Director and Principal 
Pathologist (4, 1940) 

Huffman, C F , M S , Ph D Michigan State 
College, East Lansing Research Professor and 
Professor in Dairy Husbandry (5, 1937) 
Huggins, Charles Brenton, M D University of 
Chicago, Chicago, 111 Professor of Surgery 
(1, 1932) 

Hughes, Hettie B , M S , Ph D The Christ Hos- 
pital, Cincinnati 19, Ohio Research Associate 
(2, 1946) 

Hughes, Joseph, M D 111 N 49th St , Phila- 
delphia, Pa Assistant Professor of Experimen- 
tal Neurology, Graduate School of Medicine, 
University of Pennsylvania, Director of Labora- 
tory, Pennsylvania Hospital for Mental Diseases 
(1, 1936) 

Hughes, Josiah Simpson, M A , MS, Ph D 
I^ansas State College, Manhattan Professor of 
Chemistry (2, 1931 , 5, 1939) 

Hughes, Thomas P , A M , Ph D Cai\a Postal 
49, Rio de Janeiro, Brazil Member of Staff, In- 
ternational Health Division (6, 1934) 

Hulpieu, Harold R , M A , Ph D Indiana Uni- 
versity School of Medicine, Indianapolis Asso- 
ciate Professor of Pharmacology (3, 1939) 
Hunscher, Helen A , Ph D Western Reserve 
University, 2023 Adelbert Rd , Cleveland 6, O 
Head of Department of Home Economics (5, 
1934) 

Hunt, Reid, M D , Ph D , Sc D Harvard Medical 
School, Boston, Mass Professor Emeritus of 
Pharmacology, Harvard University, Member, 


National Academy of Science (I, 1895, 2, 
1906, 3, 190S) 

Hunter, Andrew, M A , M B , F R S C Univer 
sity' of ''J'oronto, loronto, Canada Professoral 
Pathological Chcmi’'try (2, 190S) 

Hunter, 1 rnncis Ldniund, Jr , Ph D Pharma 
(nIog\ Dcpirtimiit, \\ ishinglon Lmversitj 
Me dual Sdiool, SI I/niis 10, Mo Iswstaat Pro 
frssor of Phannaridogy (2, 1916) 

Hunter, George, M A , D Sc , F R S C Univer- 
sity of Alberta, Edmonton, Canada Professor 
of Biochemistry (2, 1921) 

Hunter, Jesse K , MS, Ph D Allied Mills, 
Inc , 7500 S Adams St , Peoria, 111 Director 
Biological Research (3 1936; 

Hiissev, Raymond, M D Mi dic'd Science Center 
of Wnvne Lmversitv, 1317 Penobscot Building, 
Delroit 26 Mitli Dean, Prof of Pnicntnc 
Mdlirinr anti Organization of School of Oeenpa- 
lional Health (I, 1927) 

Ingalls, Mabel S , Ph D Sahsburv Mills, Onngc 
County, N ^ (6,1910) 

Ingle, Dwight J , M S , Ph D The Upjohn Co 
Research Department, Kalamazoo, Mich Up- 
john Research Fellow (1, 1939) 

Ingraham, Raymond Clifford, Ph D College of 
Medicine, University of Illinois, 1853 W Polk 
St , Chieago Assistant Professor in Physiology 
(1, 1938) 

Ingram, W R , Ph D College of Medieine, The 
State University of Iowa, Iowa City Professor 
and Head of the Department of Anatomy (L 
1936) 

Irvin, J Logan, Ph D Johns Hopkins University 
School of Medicine, 710 N AVashington St , 
Baltimore, hid Assistant Professor of Physi- 
ological Chemistry (2, 1942) 

Irving, George Washington, Jr, IMA, PhD 
Bureau of Agricultural and Industrial Chemis- 
try, Agricultural Research Center, Beltsville, 
Md Principal Biochemist, Head, Biologically 
Active Compounds Division, U S Department of 
Agriculture (2, 1946) 

Irving, Laurence, AM, PhD Swarthmore Col- 
lege, Swarthmore, Pa Lt Col , A C Professor 
of Experimental Biology (1, 1927) 

Irwin, M R , Ph D Department of Genetics, 
University of Wisconsin, Madison Professor of 
Genetics (6, 1936) 

Isaacs, Raphael, M D 104 S Michigan Ave , 
Suite 630, Chicago 3, 111 Director, Department of 
Hematology, Michael Reese Hospital (4, 1928) 
Isenberger, R M , M A , M D University of 
Kansas School of Medicine, Kansas City Pro- 
fessor of Pharmacology (3, 1937) 

Ivy , Andrew C , Ph D , M D 1853 West Polk St , 
Chicago 12, 111 Vicc-Pi csident and Distinguished 
Professor of Physiology, Univeisitij of Illinois 
(1, 1919, 5, 1933) 
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hqmcrdo, J Jonquin. MD Natioml School of 
Medicine, Mexico Citj Professor of Physwiogy 
tn the Nalwml School of Medicine and the Es- 
cucla Medico Miiiiar of Mexico (1, 102S) 

Jachson, Dennis Emerson, A M , Pli D M D 
Lnuersitj of Cincinnati Mcdiaal School, Eden 
and Bothesda Vacs , Cincinnati, 0 Professor 
of Pharmacology (1, 1910, 3, 1912) 

Jackson, EuRcnc L , Pli D 12 S 12th St Rich 
moiullOVa IfrtJirnJ Diiccfor, 1 If PobliisCo 
(3 19421 

Jackson, Richard W , Ph D Eastern Regional 
Research Laboratorj , XJ S Department of 
Agriculture, Wjndraoor, Pa Chief of Protein 
Diiision (2, 1930,5, 1933) 

Jacobs, Merhcl Henrj, PhD Univcrsitj of 
Pennsjhania, Philadelphia Professor of Gen- 
eral Physiology, Member of the Kational Academy 
of Sciences (1, 1919) 

Jacobs, Walter A , V M , Ph D Rockefeller 
Institute, CGtli St and York Vve , New York 
Citj Member, Member, National Academy of 
Sciences (2,1908 , 3,1913) 

Jacobson, Edmund, Ph D , M D Laboratorj for 
Clinical Phjsiologj, 55 E Washington St, 
Chicago, 111 (1, 1929) 

Jaile, Henry L , M D Hospital for Joint Dis- 
eases, 1919 Madison Ave , Xen York Citj 
Director of Laboratories (4, 1925) 

Jahn, Theodore Louis, Ph D State University of 
Iona, Iowa City Associate Professor of Zoology 
a. 1944) 

Jamieson, W'alter A , Sc D (hon ) Eh Lilly <L 
Company, Indianapolis, Ind Director, Bio- 
logical Division (G, 1927) 

Jandorf, Bernard J , A M , Ph D , Medical Divi- 
sion, Edgewood Arsenal, Md Acting Chief of 
Bioehcmislry Section, Lecturer in Prcienlive 
Medicine, Johns Hopkins Uniicrsity School of 
Medicine (2, 1946) 

Jacques, L B , M A , Ph D Unu of Saskatche 
nan. Saskatoon, Sask , Canada Professor of 
Physiology (4, I943) 

Jasper, Herbert H , M A , Ph D , D 6a Sci 
Montreal Neurological Institute, 3801 University 
St , Montreal, Que , Canada Lecturer in Ncu- 
roeleclrography and Director of Department of 
Eleclrophysiology (1, 1940) 

Jeans, P C, MD State University of Iowa, 
Iowa City Professor of Pediatrics (5, 1937) 
Jensen, H , Ph D Des Bergera-Bismol Labs , 338 
St Paul St , W Montreal, Que , Canada Dtrec- 
tor of Research, Fellow, McGill Univ Medical 
School (2, 1929) 

Jobling, Janies W , M D Columbia University, 
630 XY 168th St , New York City Professor of 
Pathology (4, 1913) 

Jochim, Kenneth E , Ph D University of Kansas, 


I iwrciice, Kansas Piofcssor of Physiology 
(1, 1942) 

Johhn, J M , Ph D D So Vanderbilt Univer- 
sity School of Aledicine, Nashville Tenn 
Associate Professor of Biochemistry (2, 1928) 
Johnson, Frank H , AM, Ph D Princeton 
University, Princeton, N J Assistant Pro- 
fessor, Dept of Biology (1, 1942) 

Johnson, Joseph L , Ph D , M D School of 
Mcthcino, Howard University, W''ashington, 
D C Professor and Head of the Department of 
Physiology (1, 1934) 

Johnson, J Raymond, Ph D Long Island College 
of Medicine, 350 Henry St , Brooklyn, N Y 
Issocialc Professor of Physiology and Phar- 
macology (I, 1938) 

Johnson, Marvin J, MS PhD University of 
Wisconsin, Madison Associate Professor of 
Biochemistry (2, 1941) 

Johnson, Robert E , M D , Pli D Army Medical 
Nutrition Laboratory, 1849 W^ Pershing Rd , 
Chicago 9 111 Director (1,1944,2,1939,5,1946) 
Johnson, Treat B , Ph D Amity Road, Bethany, 
W'estville P O , Conn Professor Emenlus, 
\alc hmvtrsily Member, Xalional Academy of 
Sciences (2, 1910) 

Johnson, Victor, Ph D , M D 5807 Dorchester 
Ave , Chicago, 111 Associate Professor of 
Physiology, Dean of Students tn ike Division of 
Biology and the School of Medicine, University 
of Chicago (1, 1933) 

Johnston, Charles G , M S , M D XVayne Uni- 
versity College of Medicine, Detroit, Mich 
Professor of Surgery (1, 1933) 

Johnston, Margaret W , Ph D Box 452, L niversitv 
Hospital, Vnn Arbor, Mich Research Associate 
tn Internal Medicine (2, 1930, 5, 1938) 

Jolliffe, Norman, M D 39 E 75th St , New York, 
N Y (1. 1932) 

Jones, D Breese, Ph D Bureau of Human Nutn- 
tion and Home Economics, Agricultural Research 
Administration, U S Department of Agncul- 
ture, Washington, D C Protein Chemist (2, 
1920, 5, 1935) 

Jones, James H , M S , Ph D School of Medi- 
cine, University of Pennsylvania, Philadelphia 
Associate Professor of Physiological Chemistry 
(2, 1928, 5, 1933) 

Jones, Kenneth K , M S , Ph D Northwestern 
University Medical School, 303 E Chicago Ave , 
Chicago, 111 Assoctaie Professor of Physiology 
and Pharmacology (1, 1936) 

Jones, Lloyd R , MS, Ph D 1402 S Grand 
Blvd , St Louis, Mo Professor and Chairman of 
Department of Bacteriology, St Louis University 
School of Medicine (6, 1933) 

JosUn, Elliott P , M A , M D New England 
Deaconess Hospital, 81 Bay State Rd , Boston, 
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Mass Dircclor, George F Baler Climc (5, 
1933) 

Jukes, Thomas Hughes, Ph D Lcderic Labora- 
tories, Peail Rivci, N Y Head, Dcpartmcnl of 
NitiriUon aiul Physwlogij Rcscnrc]i (2, 1935, 
5, 1938) 

Jung, Frederic Theodore, Ph D , M D North- 
western University Medical Scliool, CliicaKo, 111 
Assisian/ Professor of Physiology and Phar- 
macology (1, 1930) 

Jungeblut, Claus W , M D College of Ph3'sicmn3 
and Surgeons, 630 W 168th St , New York City 
Professor of Bacteriology, Columbia University 
(4, 1929, G, 1926) 

Rabat, Elvin A , AM, Ph D The Neurological 
Institute, 710 W 16Sth St , Non York 32, N Y" 
Assistant Professor of Bacteriology, College of 
Physicians and Surgeons, Columbia University 
and The Neurological Institute (2, 1910, G, 
1943) 

Rabat, Herman, PhD, MD 806 Taj lor St, 
N W , Washington, D C Consultant in Neurol- 
ogy, Health Department, District of Columbia 
(1, 1941) 

Eahn, Reuben L , Sc D , LL D University of 
Michigan Hospital, Ann Arbor Director of Clini- 
cal Laboratories (4, 1934, 6, 1919) 

Kalckar, Herman M , M D , Ph D Institute for 
Medical Physiology, University of Copenhagen, 
Copenhagen, Denmark Associate Professor 
(2, 1942) 

Eamen, Martin D , Ph D Washington Universitj' 
Medical School, 510 S Kingshighway, St Louis 
10, Mo Associate Professor of Biochemistry, 
Chemist in the Mallinchrodt Institute of Radiol- 
ogy (2, 1946) 

Kanun, Oliver, MS, Ph D Research Labora- 
tory, Parke, Davis & Co , Detroit, Mich Scien- 
tific Director (2, 1928) 

Karpovich, Peter V , M D , M P E Springfield 
College, Springfield, Mass (1, 1942) 

Karshan, Maxwell, PhD Department of Bio- 
logical Chemistry, Columbia University, 630 W 
168th St , New York City Associate Professor 
of Biochemistry (2, 1939) 

Karsner, Howard T , M D Western Reserve 
University, 2085 Adelbert Rd , Cleveland, O 
Professor of Pathology, Director of the Institute 
of Pathology (4, 1913 , 6, 1925) 

Katz, Gerhard, M D Lynchburg State Colony, 
Colony, Virginia Clinical Director (3, 1937) 
Katz, Louis Nelson, A M , M D 2900 Ellis Ave , 
Chicago, 111 Director of Cardiovascular Re- 
search, Michael Reese Hospital, Proiessorial 
Lecturer in Physiology, University of Chicago 
(1, 1924) 

Katzman, Philip A , Ph D St Louis University 
School of Medicine, 1402 S Grand Blvd , St 


JjOum4,Mo A’^'^ociatr Profesor of Btochcmtt 
try (2,10)5) 

Knuibcrsz, Jerzj, PhD, MD Wajnc Lni 
\crsitj College of Mcdinnc, 1512 St Intoinc 
St , Detroit, Mirh Research Issociatc in Surgery 
and Research Phi/stology (1, 1911) 

Kn>, II I) , Ph D , D Sc , I R S National Insti 
fute for Research in Dairjing, Sliinficlc!, near 
Reading, England Director, Ri search Profcosor 
of Biochcnifln/, bniicrsiti/ of Rending (2, 
1930) 

Keeton, Robert M , MS, M D Unuersit) of 
Illinois College of Medicine, 1853 W Polk St , 
Chicago Professor of Medicine (1, 1916, 
3, 1921) 

Kchoe, Robert A , hi D Kettering Laboratorj 
of Applied Phjsiologj, College of Medicine, 
Univcrsitj of Cincinnati, Eden Vve , Cincinnati, 
O Research Professor of Physiology (L 1940) 
Keith, Norman M , M D Majo Clinic, Roches- 
ter, Minn Consulting Physician, Division of 
Medicine, Mayo Clinic, Professor of Medicine, 
Mayo Foundation, Unucrsity of Minnesota 
(1, 1920, 3, 1932, 4, 1921) 

Keith, T B , Ph D Vnimal Industrj and Range 
Management, Vgricultural Experiment Station, 
Bozeman, Mont Associate Professor (5, 1941) 
Keller, Allen D , Ph D Baylor Collegeof Medicine, 
Houston, Texas Professor of Physiology, Chair- 
man of Department of Physiology and Pharma- 
cology (I, 1931) 

Reiser, Rajmond A , D V M , Ph D 130 Valley 
Rd , Ardmore, Pa Professor of Bacteriology and 
Dean of Faculty School of Yctcrniary Medicine, 
University of Pennsylvania, Philadelphia, Pa 
(4, 1932) 

Kelsej,F Ellis, B S ,Ph D Umxersitx of Chicago, 
Chicago, 111 Research Associate (Instructor) in 
Pharmacology (3, 1941) 

Kelsey, Frances Kathleen O , M S , Ph D Uni- 
versity of Chicago, Chicago, D1 Research Assist- 
ant in Pharmacology (3, 1941) 

Kemmerer, A R , Ph D University of Anzona, 
Tucson, Arizona Head, Dept of Human Nutri- 
tion (5, 1946) 

Kempner, Walter, M D Duke Universitj' School 
of Medicine, Durham, N C Assistant Pro- 
fessor of Medicine (1, 1940) 

Kendall, Edward C , M S , Ph D , D Sc 627 
Eighth Ave , S W , Rochester, Minn Professor 
of Biochemistry, Mayo Foundation, University 
of Minnesota (1. 1916 , 2, 1913 , 4, prior to 1920) 
Kendall, Forrest E, PhD 240-06— 53rd Ave 
Douglaston, Long Island, N Y Assistant Pro- 
fessor of Biochemistry, Research Service, Co- 
lumbia Division, Goldwater Memorial Hospital, 
Welfare Island, N Y (6, 1943) 

Kennard, Margaret A , M D Psychiatric Division, 
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BclIcMie Hospital, First A\c A. 30lh St , Now 
■iork C^t^ (I, 1934) 

Kenned), Cornelin, M A, PhD Sin dor 11 dl, 
ljm\ersit\ Fnrm, St Paul, Minn As'ioctalc Pro- 
/f'cor of lijncidtiirnf Iiiochcmt<!trii, Unwcrsily 
of Ifiinicwta, l«<u'!fanf Chemist, ^[ttiiicsota Pr- 
pcrimcni Station (2, 1*12 1 , 5, 1934) 

Kenned), Robert P, MD Knollnood Drive, 
R D 1, Rochester, N Y (I, 1929) 

Kenton, Harold B , Ph D Nev, England Dea- 
coness Hospital, Boston, Mass Bacteriologist 
and Director of the Blood Banl (G, 1931) 
Kenyon, Allan T , M D University of Chicago, 
Division of Biological Sciences, 950 E 59th St , 
Chicago, 111 Iwistant Professor of Medicine 
3, 1940) 

Keresztcsi , John C , M A , Ph D Cancer Re- 
search, Mt binai Hospital, Fifth A\o and 100th 
St , Non York 19, X Y (2, 1941, 5 1945) 

Kerr, Stanley E PhD American Unuersitj of 
Beirut, Beirut, Lebanon, Sana Professor of 
Biological Chcmistrij (2, 1937) 

Kerr, Wm J , M D University of California 
Hospital, Third and Parnassus Aaes , San Fran- 
cisco Professor of Medicine, University of 
California, Pkystetan-xn Chief, University of 
California Hospital (3, 1930) 

Kesten, Homer D , M D College of Physicians 
and Surgeons, Columbia Unnersity, New York 
Cit) Associate Professor of Pathology (4, 
1931) 

Kefy, Sevmour S , M D Dept of Pharmacology, 
Medical School, Umversitj of Pennsylvania, 
Philadelphia 4 Associate in Pharmacology, 
Medical School, issislant Visiting Physician in 
Medians, Philadelphia General Hospital (3, 
1945) 

Keys, Ancel, M A , Ph D , D Phil Stadium 
South Tower, Umversitj of Minnesota, Min- 
neapolis Professor and Director of Laboratory 
of Physiological Hygiene (1, 1939 , 2, 1936) 
Khorazo, Devorah, M D Apt 4G, 480 W lS7th 
St , New York City Instructor in Bacteriology, 
Columbia University, Eye Institute (6, 1936) 
Stdd, John G , M D Cornell University Medical 
College, 1300 York Ave , N ew York City Pro- 
fessor of Pathology, Pathologisl, New York 
Hospital (4,1938,6,1937) 

Hik, M C , Ph D College of Agriculture, Um- 
'etsity of Arkansas, Pavetteville Assoaalc 
Professor of AgncuUural Chemistry (5, 1942) 
Kilborn, Leslie G , M A , JI D , Ph D 47 Warren 
Road, Toronto, Ontario, Canada (1, 1928) 
Kilhan, John Allen, A M , Ph D Killian Research 
Raboratones, Inc , 49 A\ 45th St , New York 
(2, 1921) 


King, Barry G , M A , Ph D College of Physieians 
and Surgeons, Columbia University, 630 West 
ICSth St , New York City Assistant Professor 
of Physiology, Liculcnani, USNR, Naval Medi- 
cal Research Instiliiic, Belhesda, Md (1, 1938) 

King, Charles Edwin, Ph D Vanderbilt Univer- 
sity, Nashville, Tenn Associate Professor of 
Physiology (1, 1916) 

King, Charles Glen, Ph D Nutrition Founda- 
tion, Inc , Chrysler Building, New Y'^ork City 
Scientific Director, Professor of Chemistry, 
Columbia Umvcrsity (2, 1931 , 5, 1933) 

King, Jessie Luclla, Ph D Goucher College, 
Baltimore, Md Professor of Physiology (1, 
1914) 

King, Joseph T , M D , Ph D 314 Millard Hall, 
University of Minnesota Medical School, Minne- 
apolis Associate Professor of Physiology (1 
1931) 

King, Lester S , hi D Illinois Masonic Hospital, 
Chicago, III Director of Laboratories, Clinical 
Assistant Professor of Pathology, University of 
Illinois (4, 1941) 

Kirk, Paul L , Ph D University of California, 
Berkeley Professor of Biochemistry (2, 1933) 

Kirkbride Mar) B , Sc D 314 State St , Albany 6, 
N A (6,1921) 

Eisch, Bruno, M D 845 West End Ave , New 
Y'ork City Professor of Biochemistry, Yeshiia 
University (1, 1943) 

Kleiber, M , D Sc University of Califorma, 
Davis Professor of Animal Husbandry (1, 1943, 
5, 1933) 

Klein, J Raymond, Ph D University of Illinois, 
Neuropsycbiatnc Institute, 912 S Wood St , 
Chicago Biochemist and Assistant Professor 
of Psychiatry and Physiological Chemistry 
(2, 1941) 

Kleiner, Israel Simon, Ph D New York Medical 
College, Flower and Fifth Avenue Hospitals, 
New York 29, N Y Professor of Physiology and 
Biochemistry (1, 1911 , 2, 1912 , 3, 1912 , 5, 1933 ) 

Kleitman, Nathaniel, AM, Ph D University 
of Chicago, Chicago, HI Associate Professor of 
Physiology (1, 1923) 

Klemperer, Friednch Wilhelm, M D , Massachu- 
setts General Hospital, Boston, Mass Assistant 
tn Medicine (2,1941) 

Kletzien, Seymour W , M S , Ph D , 22 Lafayette 
Blvd .Williamsville, N Y Biochemist (5,1933) 

Kline, O L , Ph D Federal Secunty Agency , Food 
and Drug Administration, Washington, D C 
Biochemist (5, 1936) 

Kline, Raymond F , B S , M S Phy siological Lab 
Um\ of Ahrginia Med School, Charlottesville, 
Va Instructor tn Physiology (1, 1946) 
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Kluver, Heinrich, Ph D University of Clncago, 
Chicago, 111 Professor of Expcnmcnial PsychoP 
ogy (1, 1935) 

Knight, C Arthur, Jr , Ph D The Rodvcfellor 
Inst for Med Research, Pnnrclon, N J Itio- 
aatc (2, 1946) ’ 

Knoefel, Peter K , M A , M D University of 
Louisville, 101 W Chestnut St , Louisville, Ivy 
Professor of Pharmaeology (3, 1934) 

Knowiton, Frank P , A M , M D Syracuse Uni- 
versity College of Medicine, Syracuse, N Y 
Emertivs Professor of Physiology (1, 1911) 
Knowiton, G Clinton, Ph D 419 S Summit St , 
lova City, loiia (1,1938) 

Knudson, Arthur, Ph D Albany Medical College, 
New Scotland Ave , Albany, N Y Professor of 
Btochennsiry and Associate Dean (2, 1919, 5, 
1936) 

Knutti, Ralph Eddy, M D Children’s Hospital, 
Los Angeles, Calif Director of Laboratories, 
Assistant Professoi of Pathology, University of 
Southern California (4, 1933) 

Kober, Philip A , B S Sherman Laboratories, 
Detroit, Mich Director of Research (2, 1912) 
Koch, Elizabeth M , M A , Ph D 1534 E 59th 
St , Chicago, 111 (2, 1925) 

Koch, Fred Conrad, M S , Ph D 1534 East 59th 
St , Chicago, 111 Director of Biochemical Re- 
search, Armour Laboratories, Professor of Bio- 
chemistry Emeritus, University of Chicago 
(2, 1912, 5, 1933) 

Kochakian, Charles D , A M , Ph D University 
of Rochester Medical School, 260 Crittenden 
Blvd , Rochester, N Y Assistant Professor, 
Dept of Vital Economics (1, 1942) 

Kocher, Rudolph Alfred, M D Box 926, Carmel, 
Calif Director, Velie Metabolic Clinic (2, 
1915) 

Koehler, Alfred E , M D , Ph D 317 W Pueblo 
St , Santa Barbara, Calif Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital (2, 
1924) 

Koehne, Martha, Ph D 285 15th Ave , Apt 22, 
Columbus, Ohio Nutritionist, Ohio State Dept 
of Health (5, 1933) 

Koepf, George F, MD 109 Linuood Ave, 
Buffalo 9, N Y Instructor of Medicine and 
Associate in Physiology, University of Buffalo 
(1, 1942) 

Koerber, Walter L , Ph D E R Squibb & Sons, 
Neu Brunswick, N J Assistant Department 
Head (6, 1943) 

Kohn, Henr> I , Ph D Bellevue Hospital, 27th 
St and 1st Ave , Neu York 16, N Y (1, 1940) 
Kolmer, John A, MS, MD, DPH, ScD, 
LL D , L H D 1 Montgomery Ave , Bala- 
Cjnwyd, Pa Professor of Medicine, Temple 


University, Director, Research Institute of Cu 
lancous Medicine (G, 1913) 

Komarov, Simon A , M S , M D , PIi D S S Ftls 
Fund, Med Rcvcnrtli Lnlioratory , 2oo S ]7(h 
St , Pliiliultliihifi, Pa Director of Dept of Bio- 
chrmistry (1, 1933) 

KopclofT, Nicholas, Ph D Non York State 
I’sjchiatric Institute, 722 IGSth St, New 
York Citj Principal Research Bacteriologist, 
New Yorl State Psychiatric Institute and Hos- 
pital (6, 1937) 

Koppanji, Theodore, Pli D Georgetown Uni- 
vcrsitj , Yashington, D C Professor of Phar- 
macology (1, 1921, 3, 1935) 

Korr, Iruin M , M A , Pli D Still IMcmoml 
Rcsc'ircli Trust, Kirksville, Mo (1, 1939) 
Kozclkn, Frank L , Ph D Dept of Pharmacologj’ 
and To\i colog} , Unncrsit} of Wisconsin, Madi- 
son Assistant Professor of Toxicology On leave 
Captain, Sn C (3, 1939) 

Krahl, Maurice E, Pli D Washington Unn 
School of Medicine, St Ixiuis 10, Mo issislant 
Professor of Pharmacology 12, 1939) 

Krakow cr, Cecil Alexander, MD Unncrsit} of 
Illinois College of Medicine, 1S53 West Polk St , 
Cliicago Associate Professor of Pathology (4, 
1945) 

Kramer, Benjamin, A M , M D GO Plaza St , 
Brookl}n, N Y Pcdiatrician-in-Chicf, Brook- 
lyn Jewish Hospital, Professor of Clinical 
Pediatrics, Long Island College Medical School 
(1, 1915, 2, 1914) 

Kramer, Martha, Ph D Department of Home 
Economics, Yenching University, Peiping, 
China Professor of Food Economics and 
Nutrition (5, 1933) 

Kramer, S D , j\I D , Ph D 92 IVashington Square, 
East Salem, Mass Virologist (G, 1944) 
Krampitz, Lester O , Ph D Dept of Bacteriol- 
ogy, Iowa State College, Ames, Iowa Assistant 
Professor (2, 1946) 

Krantz, John C , Jr , M S , Ph D University of 
Maryland Medical School, Baltimore Pro- 
fessor of Pharmacology (3, 1937) 

Krauss, William E , Ph D Ohio Experiment 
station, Wooster Chief, Department of Dairy 
Industry, Ohio State University, Chairman, 
Department of Dairy Husbandry (2, 1932, 5, 
1933) 

Kraybill, Henry R , M S , Ph D 5720 Woodlawn 
Ave , Chicago 37, 111 Professorial Lecturer, De- 
partment of Biochemistry, University of Chicago, 
Director, Department of Scientific Research, 
American Meat Institute (2, 1942) 

Krayer, Otto, M D Harvard Medical School, 25 
Shattuck St , Boston, Mass Associate Pro- 
fesso'" of Comparative Pharmacology (3, 1938) 
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Krop, Stephen, I’li E ir E(inilimnt, Clmiu 
nl 'Wirfiro Scniee, 1 tlgiwwnl \t''inil, 
wood, Mnrj 1 \nd (1, 101 1 ) 

Krueger, Albert Pnul, hi D Cipl\in MG, 
U S N R 3517 Life Sciences Bldg , Unu crsitj of 
Csliforiin, Bc^kclo^ Professor of liactcrwlogii, 
Commanding Olftccr U S N Medical Itcscarch 
hntl No 1, Perl clcii, Calif (1,1930,0, 1037) 
Krueger Hugo M, PhD Vineriein Uiin of 
Beirut , Beirut , 1 1 li inoii , S\ ri i Director of Dept 
of Phariimcologii (1, 1031, 3, 1035) 

Krumbhaar, Edn ard B , M D , Ph D Unn crsity 
of Pcnnsjh"inn Medical School, Philadelplm 
Professor of Pathologii (1, 1911, 1, prior to 
1920) 

Kruse, Harry Dajton, MD, Sc D Millnnk- 
Memornl Fund, 40 lYall St , New York City 
(2, 1933) 

Kruse, Theophilc K , A M , Pli D TJniversit\ of 
Pittsburgh hlcdieal School, Pittsburgh, Pa 
Professor of Phijsiologij and Pharinacologij 
(1,1919,3, 1920) 

Kubie, Lawrence S , hi D 7 E Slst St , New 
York Citj issoctalc in Neurology, College of 
Physicians and Surgeons, Columbia University 
(4, 192S) 

Kuhn, Harr> A , hi S , Pli B 3015 I'ultou St , 
NM , Washington, D C Colonel C 11 , IFar 

Dcpartiiieiil, PTCcutnc Officer, C II Procure 
meal District (3, 1027) 

Kuhn, L Roland, Ph D 6tli \rni\ Vrci Ddi 
Presidio, hlouterej , Cilif Major, 1 I S liac 
tcrwhoist (G 1030) 

Kunde, Margarcte M , Ph D , hi D 30 N Miehi 
pan Aac , Chicago, 111 Instructor in Medicine, 
Northiccstcrii Unu crsitij Medical School, Clinical 
Assistant in Endocrinology, Cool County Ilos 
Vdal (1, 1924) 

Kurtz, Alton C, PhD Department of Bio- 
chemistry, hledical School, UnuersiU of 011a 
homa, Oklahoma City Associate Professor 
^ (2, 1042) 

Kuyper, Adrian C , hi S , Ph D Wayne TJniaer- 
Eitj College of hledicine, Detroit 26, hlich As- 
sistant Professor of Physiological Chemistry 
(2, 1946) 

Kydd, David hi , hi D hlary Imogene Bassett 
Hospital, Cooperstown, K Y Associate Physi- 
(5, 1934) 

Kyes, Preston, AJM , Sc D , hi D North Jay, 
hie Professor Emeritus of Preienlive Medicine, 
University of Chicago (G, 1918) 

G R , hi D University of Pittsburgh, 
Pittsburgh, Pa Professor of Bacteriology and 
Immunology (4, 1927) 

®hch, Joseph J , hi D Dept of Pathology , Uni- 
versity^ of Wisconsin, 420 North Charter St , 


hi idi'-on b. Wist Iiisliuclor in Pathology (4, 
10 10) 

Lamb, Ah in R, hi S , PhD Experiment , Sta- 
tion, Ilaw man Sugar Planters’ Association, 
Honolulu Ecscarch Associate (2, 1923 , 5, 
1931) 

I nmbcrl, Edward H , Ph D , hi D hlayo Aero 
Medical Unit, hlayo Foundation, Rochester, 
Minn Associate in Physiology (1, 1945) 
Lambert, Robert A , hi D Rockefeller Founda- 
tion, 49 W 49th St , New York City Associate 
Director for Ihc Medical Sciences (4, 1922) 

Lamport, Harold, hi D Yale University School 
of Mcdii me, New Haven, Conn Associate Pro- 
fessor of Physiology (1, 1043) 

Lamson, Paul Dudley, MD Vanderbilt Uni- 
versity hledical School, Nashville, Tenn Pro- 
fessor of Pharmacology (1, 1921 , 3, 1915) 
Lamson, Robert W , A hi , Ph D , M D Suite 
810, 1930 Vilshirc Blvd , Los Angeles, Calif 
Professor of Medicine and Public Health, Um- 
tcrsily of Southern Calijorma School of Medicine 
(G, 1928) 

Lanceficld, Rebecca C , Ph D 4 Kenmore Rd , 
Douglaston, Long Island, N Y Associate 
Member, Rockefeller InslHidc for Medical Re- 
search (6, 1933) 

Landis, Carney, Ph D Psy chiatnc Institute and 
Hospital, Columbia University, 722 W 16Sth St , 
New York City Principal Research Psychol- 
ogist and Professor of Psychology (I, 1939) 
Landis, Eugene Markley, Ph D , hi D Depart- 
ment of Physiology, Harvard hledical School, 
25 Sbattuck St , Boston, Mass George Higginson 
Professor of Physiology (I, 1928) 

Lands, Alonzo M , hi A , Ph D Frederick 
Stearns and Co , 6533 Jefferson Ave , Detroit, 
hlich Director, Pharmacologic Research (1, 
1942) 

Lange, Carl, hi D 371 hlorris St , Albany , N Y 
Associate Bacteriologist, Divisions of Labora- 
tories and Public Health, New York State De- 
partment of Health (6, 1938) 

Langley, Wilson D , Ph D University of Buffalo 
Medical School, Buffalo, N Y Associate Pro- 
fessor of Biological Chemistry (2 1937) 
Langworthy, Orthello R, MA, hi D Johns 
Hopkins Hospital, Baltimore, hid Associate 
Professor of Neurology, Johns Hopkins Uniier- 
stty (1, 1928) 

Lardy, Henry A , hi S , Ph D Dept of Biochem- 
istry, University of Wisconsin, hladison 6, Wise 
Assistant Professor (2, 1946) 

Larrabee, Martin G , Ph D Johnson Foundation, 
for Medical Phy sics, Umv ersity of Pennsy Ivama, 
Philadelphia Assistant Professor of Biophysics 
(1, 1940) 
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Larson, Edward, Ph D Tcmplo Univeisily^Mcdi- 
cal School, Broad and Ontario Sts , PInladcIphia, 
Pa Associate Professor of Phaiinacologi/ (I, 
1929, 3, 1937) 

Larson, Hardy W, AM, PhD Metropolitan 
Life Insurance Co , Biochemical Laboratory, 1 
Madison Ave , New York Cilj licscarch 
Chemist (2, 1937) 

Larson, Paul S , Ph D Medical College of Vir- 
ginia, Richmond Associate in Physiologt/ and 
Pharmacology (1, 1939) 

Larson, W P , M D Univcrsitj'' of Minnesota, 
Minneapolis Professor and Head of Depart- 
ment of Bacteriology and Immunology (0, 1917) 
Lashley, K S , M S , Ph D , D Sc Yerkes L ibora- 
tories. Orange Paik, Fla Research Professor of 
Neuropsychology, Harvard University, Director, 
Yerhes Lahoraloncs of Primate Biology, Inc 
Member of the N^alional Academy of Sciences 
(1, 1923) 

Laskowski, M , Ph D Maiqiicltc University 
Medical School, Milwaukee 3, Wis Assonntc 
Piofessor of Bwchcmishy (2, 1911) 

Lauffer, Max A , Jr , M S , Ph D 307 Thaw II ill, 
University of Pittsburgh, Pittsbuigh, Pa Isso- 
cialo Rcscaich Piofcssoi (2,1910) 

Laug, E P , M \ , Ph D Division of Plnnna 
cology. Food and Drug Administration, Federal 
Security Agency, Washington 25, D C Senior 
Pharmacologist (2, 1938) 

Laurens, Henry, AM, Ph D , LL D P 0 Box 
157, Flat Rock, N C Piofcssoi of Physiology 
(1, 1913) 

Lauson, Henry D , Ph D , M D The Roe kefclh r 
Institute, GOth St A, loik \ve , New \oik 21, 
N Y Associate (1, 1010) 

Lavmc, T F , Ph D Lankenau Hospital Re- 
search Institute, Philadelphia, Pa Research 
Chemist (2, 1938) 

Lawrence, W Sherwood, M D Dept of Pharma- 
cology, University of Michigan, Ann Arbor 
Instructor of Pharmacology (3, 1944) 

Lawson, Hampden, M D , Ph D University of 
Louisville, Louisville, Ky Professor of Physi- 
ology (1, 1933) 

Leake, Chauncey D , M S , Ph D The Univer- 
sity of Texas Medical Branch, Galveston Vice- 
President of the University of Texas in Charge 
of the Medical Program (1, 1923 , 3, 1924) 
Leathern, James H , Ph D Rutgers University, 
New Brunswick, N J Assistant Professor of 
Zoology (1, 1945) 

Leathes, John Beresford, MA,MB,FRCS, 
FRS 106 Banbury Rd , Oxford,’ England’ 
(2, 1909) 

Lederer, Ludwig George, Ph D , M D Pennsyl- 
vania Central Airlines, National Airport, Wash- 
ington, D C Medical Director (1, 1940) 

Lee, Milton O , M A , Ph D Harvard Medical 


School, Boston, Mass ^ssocmlc. Memorial 
I iiiiiidalion foi \< urn nidnrrnii Rrsi arch, Dircc 
lor of Ijidionitorii i, Worn sin Sfati Ho pilnl 
(I. !'I27, 5, I'Ut) 

Lee, Robert Clei eland, B Cli E , M A 309 BcIIc 
\ lie St , New ton. Mass Member of Research Staff, 
Nutrition Lab , Carnegie Institution of II ashing 
ton (1,1911,5,1910) 

Leese, Chester E, MS, PhD George Hash 
inglon University’ School of Medicine, Wash 
inglon, D C A ssnciatc Professor of Physiology 
(1, 1031) 

Lcliman, Arnold J , Pli D , M D hood and Drug 
Idniimsl rat ion, M lyliinglori 25, D C Chief, 
Division of Phiirmaeohiyy (3, 1937) 

Lehman, Rohcrl A , M S , Ph D New York Uni- 
versity' College of Medicine, 477 First Ave ,Ncw 
York City Instruclor in Therapeutics (3, 
1942) 

Lehmann, Gerhard, M D , Dr Ing Iloffimnn 
I*a Roche, Scientific. Dept , Niiflcv 10, N J 
Pharmarologist (3, 1030) 

Leliningcr, Albert L , M S, I’h D University of 
Chic igo Medical Sthool, Chirigo, III issistanl 
Professor of Biochemistry in the Dcpls of Bio- 
chemistry and Surgery (2, 1910) 

Lein, Allen, B A , hi V , Ph D Department of 
Physiology, Vmdcrhilt University School of 
Medicine, Nishvilie, Temn Physiologist (L 
191G) 

Lenhart, Carl H , M D Rakcsidc Hospital, 2005 
Adclbert Rd , Cleveland, 0 Olncr H Payne 
Professor of Surgery, IFcsfcrn Reserve Univer- 
sity (I, 1921) 

Lennctle, Edwin H , Ph D , M D Chief, Bio 
logical Research Div ision, C imp Del nek, Freder- 
ick, Mel (4, 1911) 

Leonard, ClilTord Shattuck, M S , Ph D Uni- 
versity of Vermont hlcdical College, Burlington 
Assistant Professor of Pharmacology (3, 1927) 

Lepkovsky, Samuel, M S , Ph D University of 
California, Berkeley Associate Professor of 
Poultry Husbandry (2, 1933 , 5, 1933) 

L’Esperance, Elise L , M D 2 East Cist St , New 
York, N Y Director, Strong Cancer Precaution 
Clime, Memorial Hospital, and New lork In- 
firmary (G, 1920) 

Leverton, Ruth M , Ph D Department of Home 
Economics, University of Nebraska, Lincoln 
Associate Professor Human Nutrition Research 
(5, 1942) 

Levin, Louis, Ph D College of Physicians and 
Suigeoiis, Columbia Univ , 030 W lOSth St , 
New York 32, N Y Assistant Professor of 
Anatomy (2, 1939) 

Levine, Harold, Ph D Pabst Brevnng Co , 917 
W Juneau Ave , Milw'aukee, Wis Biochemist 
(2, 1933, 5, 1933) 
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Lcmoc, Milton, MS, Fill') In-it of I'spori 
mcntil Medicine, Collrgcof Mtdn M rAiiiiRoliiti, 
112N Bn\lc \\e,Ix>s Viigelcs, Cnlif (G, 101’) 
Iciinc, Philip, M \ , M O , I C' P Oilho 11c- 
senrch I'ouiuhtinii, 11 irit 111 , N T Dinctor, tuo- 
lociic Dutswn (G, 102')) 

Levine, Ilachmtcl, M D , CM Miclnd Uccso 
Hospital, Chicago, 111 \ctuig Director, Depart 
mail of Mclahohe Research (1, 1012) 

Lcvmc, Samuel Z , M D , Non York Hospital, 
525 E CSth St , Non A'ork Citv Profc'isor of 
Pediatries, Cornell Unncrsiiy Medical College, 
Pcdialncian-in Chief, New York Hospital 
(5, 1933) 

Levine, Victor Eninnuel, A M , M D , Ph D 
Ainth Scr\ icc Comm iml Haboraton , I’lCMtlto of 
Montcrev , C iliforma Lt Colonel (2, 1030) 
Levinson, Samuel A Pli D , M 11 Uiiner'-itv of 
Illiimis College of Medieiiie, SOS S Wood St , 
Chicago I’rofiS-^orof Paihulogg, Diuclor f^ahorii 
(ones, Research A Educational Hospital (1, 
1933) 

Levison, Louis A , M D -121 Michigan St , 
Toledo, 0 Phijsician to Toledo Hospital, 
Physician to Si Vincent Hospital (G, 1910) 
Levy, Milton, Ph D 477 First Avc , Non York 
Citj Assistant Professor of Chemistry, Ncio 
lor/ Uniccrstly College of Medicine (2, 1933) 
kevy, Robert L , M D 730 Park Ave , New Y’ork 
City Professor of Clinical Medicine, College 
of Physicians and Surgeons, Columbia Univer- 
sity (3, 1915) 

Lenrej, P H, MD Umvorsitj Hospital, Uni- 
versity of Pennsylvania, Philadelphia Fisittnp 
Professor of Neurophysiology and Consultant 
in Neurology Major {MC), iUS (1, 1037) 
Lems, Gladys Kinsman, M A , Pli D 401 S 
Lafavette St , Denver 9, Colo (5, 1944) 

Lewis, Howard Bishop, Ph D Medical School, 
University of Michigan, Ann Arbor Professor 
of Biological Chemistry and Director of the Col- 
lege of Pharmacy (1, 1925, 2, 1913, 5, 1933) 
Lewis, James C , M S , Ph D Western Regional 
Research Laboratory , U S Dept of Agriculture, 
Albany 6, Calif Associate Biochcnnst (2, 1946) 
Lewis, Julian Herman, M D 4750 Champlain 
Ave , Chicago, 111 Associate Professor of 
Pathology, University of Chicago, Member of the 
Olho S A Sprague Memorial Institute (4, 
1924) 

Lewis, Lena A , A B , M A , Ph D Cleveland 
Clime, Euclid Ave & E 93rd St , Cleveland 6, 
Ohio Research Staff (1, 1946) 

Lewis, Robert C , Ph D 4200 E 9th Ave , Den- 
ver, Colo Professor of Biochemistry, School of 
Medicine, Uniiersity of Colorado (2, 1931, 
5, 1933) 

Lewis, Warren H , M D The Wiatar Institute of 
Anatomy and Biology, Woodland Ave and 36th 


St , Philadelphia, Pa Member, Member of the 
National Academy of Sciences (1, 1919) 

Li, Choh Hao, Ph D 159G Life Scionco Bklg , 
University of California, Berkeley Issistant 
Professor of Erpcrimcntal Biology and Lccturci 
111 Avalomi/ (2, 1011) 

Li, Richard D , M D Peiping Union Medical 
College, Peiping, China Insiruclor in Pharma- 
cology (3, 1911) 

Libby, Raymond L , MS, Ph D American 
Cyaiianiid Co , 1937 W Main St , Stamford, 
Conn Bto-phijsictsl (G, 1938) 

Libel, Benjamin, Ph D Umv of Chicago, Chi- 
cago 37, 111 Instructor in Physiology (1, 
1912) 

Libman, Cmnnuel, M D ISO E 64th St , New 
Vork Citv ConsiiUiiig Physician, Mount Sinat 
Hospital (G, 1920) 

Liddell, Howard S , AM, Ph D Cornell Uni- 
versity , Itliaca, N \ Professor of Psychology 
(1. 1925) 

Licb, Charles C , M D 630 W IGSth St , New 
VorkCity HosacI Professor of Pharmacology, 
College of Physicians and Surgeons Columbia 
Unncrsity (1, 1036, 3, 1015) 

1 icbcrman, Arnold L , M D , Ph D 328 No 
Country Club Road, Tucson, Anz (1 1934) 
Lifson, Nathan, M D , Ph D 617 Kenwood Park- 
w IV , Minneapolis, Minn issunatc Professor of 
Physiology, Umvcrsilij of Minnesota Medical 
School (1, 1911) 

Lightbody, Howard D, MS, Pli D Western 
Regional Research Laboratory, U S Department 
of Agnculturc, Albany 6, Calif Principal Bio- 
chemist (2, 1936) 

Lilicnlbal, Joseph L , M D Johns Hopkins Hos- 
pital, Baltimore 5, Md (1, 1945) 

Lilhc, Ralph Stayner, Ph D , So D University 
of Chicago, Chicago, 111 Professor Emeritus of 
General Physiology, Physiologist, Marine Bio- 
logical Laboratory, IFoods Hole, Mass (1, 
1905, 2, 1913) 

Lillie, R D , M D Chief Pathology Laboratory, 
National Institute of Health, Bethesda, Md 
Medical Director, U S P H S (4, 1941) 
Lim, Robert Kho-Seng, Ph D , D Sc , F R S D 
Peiping Union Medical College, Peiping, China 
Professor of Physiology (1, 1923) 

Lindsley, Donald B , M A , Ph D Dept of Psy- 
chology, Northwestern Umv% Evanston, II! 
(1, 1937) 

Linegar, Charles R , Ph D E R Squibb and 
Sons, Biological Laboratory, New Brunswuck, N J 
Chief, Biological Development and Control Lab- 
oratory (3, 1938) , 

Lineweaver, Hans, MA, PhD Western Re- 
gional Research Laboratory, U S Department of 
Agriculture, Albanv 6, Calif Senior Biochemist 
(2, 1941) 
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Link, Karl Paul, Ph D Biochemistry BmldiiiK, 
University of Wisconsin, Madison Pro/ciior 
of Bwchcmisiru (2, 1031) 

Lmlz, William, M D 3G Plara St, BrooKljn, 
N Y Laic Professor of Ivununologii and 
Baclcriology mid Clinical Professor of Medicine, 
Long Island College of Medicine (G, 1020) 
Lipman, Mrs Miriam O, A hi Presbylcriin 
Hospital, G20 W IGStli St , Nen Aork Citj 
Research Assistant, Edward Daniels laulhicr 
Arthritis Clime (G, 1931) 

Lipniann, Frifz, M D , Ph D Biochemic.il Re- 
search Laboratory, M issachusctts General Hos- 
pital, Boston Research Chcmisl, Head, Biochem- 
ical Research Laboratory, Research Fellow in Bio- 
chemistry and Surgery, Harvard Medical School 
(2, 1941) 

Lipton, Morns A , Ph D 5015 S M irs 1 uu! A\e , 
Chicago 37, 111 Rescaich Associate in Medicine, 
Univcisity of Chicago (2, 10 IG) 

Litchfield, John T , Jr , M D American - 
anannd Co , 1937 W hlain St , Stamford, Conn 
Directoi of Phai macology (3, 1010) 

Little, James Maxwell, MS, PhD Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N C Assistant Professor of 
Physiology and Pharmacology (1, 1912) 
Livingston, Alfred E , Ph D Temple Umvorsitj' 
School of Medicine, Philadelphia, Pa Professor 
of Pharmacology (1, 1917, 3, 1920) 

Lloyd, David P C , D Ph Rockefeller Inst for 
Medical Research, CGth St and A oik A\c , 
New York 21, N A^ Associate Member (1,1930) 
Locke, Arthur P , Ph D Zomte Products Corpora- 
tion, New Brunswick, N J Chief Research Chem- 
ist (6, 1926) 

Lodholz, Edward, M D Medical I^abora tones, 
Umversity of Pennsylvania, Philadelphia 
Isaac Otl Professor of Physiology, Graduate 
School of Medicine (1, 1913) 

Loeb, Leo, M D Washington University Medical 
School, St Louis, Mo Professor Emciilus of 
Pathology, Member, National Academy of Sci- 
ences (1, 1907, 4, 1913) 

Loebel, Robert O , M D Russell Sage Institute 
of Pathology, Cornell Medical College, 1300 Atark 
Ave , New York City Research Fellow, Ad- 
junct Assistant Visiting Physician, Second 
{Cornell) Medical Division of Bellevue Hospital 
(1, 1928) 

Loew, Earl R , M S , Ph D Univ of 111 College 
of Med, 1853 W Polk St , Clucago 12 Associate 
Professor of Pharmacology (1, 1940, 3, 194G) 
oewe, W S , M D 17 Cole Terrace, New Rochelle, 
NY Hon Prof Pharmacology, Heidelberg, 
opt of Pharmacology, Cornell University Medi- 
cal College (3, 1936) 

ogan, Milan A , Ph D University of Cincinnati 


S( liool of M( tin iiif , Cinrinnali, 0 Professor of 
Biologiml Chemistry (2, 191G) 

Long, C N II , M Sc , D Sr , M D A’nlc TJni 
arrsitj. New Haven, Conn Sterling Professor 
of Physiological Chemistry (J, 1935, 2, 1927) 
Long, Esmond R , M D 7th and Iximbard Sts , 
Philadelphi i, Pn Director, Henry Phipps 
Institute, Professor of Pathology, University of 
Pcnnsifliania (A, 1930) 

Long, Perrin Hamilton, M D Flic Johns Hopkins 
Uiinersilj, G15 N Wolfe .St , Biltimore, Md 
Professor of Prctcnlnc Medicine, Colonel, M C 
(3, 1910) 

Loiigcope, B arfield 7’ , M I) C'ornliill 1 irm.Lcr, 
Mms (3, 1921, 4, I9I {, G. 192 5) 

Longcncckor, Herbert Eugene, M S , Ph D 
UiiivdMh of Pitlsbiiigh I’ll l‘'bnrgh, P.i Dean 
till GiadiiaU Si hold and Profi ssor of Biochem- 
istry (2, 1910, ,3, 191'.) 

Longwcll, Bernard B , M S , Ph D 1200 KistOth 
\\e , Denier 7, C’olo A'^inriati Piofessorof Bio- 
chcmi'stiy, Univ of Colorado, School of Medicine 
(2. 1916) 

Looncj, Joseph M , M D 1991 h Grncril Hosjii- 
lal, APO r/o Poslni islcr, New Aork City 

H Colonel, U S A (2. 1922) 

Loofeli, Clav Ion G irr, M D , Univi rsilj of Chicago, 
CliK igo, HI U orioli Profi'-mir if iMedicinc 
(I, 1910) 

Loosli, J K , M S , Ph D Animal Nutrition Labo- 
ratory, Cornell University , Ithaca, N A’ Assoc 
Prof of Animal N^idr and Assoc Animal NiUri- 
lionist in Exp Sta (5, 1011) 

Lorber, Victor, M D , Ph D Dept of Biochciuis- 
Iry , IVcsIein Rcseivo Unn' School of Medicine, 
Cltvcl iiul, Ohio Associate Professor (1,1944) 
Lorente de No, Rafael, M D The Rockefeller 
Institute for Medical Research, 66th St and 
Ytark Ave , New Ytark City Member (1, 1937) 
Lorenz, Egon, Ph D National Cancer Institute, 
Bethesda, Md Senior Biophysicist (4, 1942) 
Lonng, H S , M S , Ph D Stanford University, 
Cahf Associate Professor of Biochemistry 
(2, 1938) 

Loveless, Mary H , M D New' Atark Hospi , 
525 E GSth St , New Atark City Research 
Associate, Cornell Medical School, Physician to 
Out-Patients, New York Hospital (G, 1941) 
Lowell, Francis C, MD Nine Acre Corner, 
Concord, Mass Instructor in Medicine, Boston 
City Hospital (6, 1942) 

Lowenbach, Hans, M D Duke University hlcdical 
School, Dm ham, N C Asst Piofcssot of A ew o 
psychiatiy and Physiology (1. 1946) 

Lowry, Oliver H , M D , Ph D Research Labora- 
tory, Public Health Research Institute of the 
City of New Atark, Foot of E 15th St c 
search Associate (2, 1942) 
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Lubmski, Herbert, M D Jc\\ tsh Gciicnl Hos 
pit'll, 3755 St Citlicrinc Rcl , Montrcrl, C'lnnd'i 
Bacicnohgisl (G, 1011) 

Lucas, Cohn C , M A Sc , Ph D Bunting ind 
Best Dept of Mcdicnl Research, University of 
Toronto, Toronto, Cuiada As<!ortalc Projcf^or 
(2, 19IG) 

Lucas, George H W , M A , Ph D Unu crsity of 
Toronto, Toronto, Canada Associate Professor 
of Pharmacology (2, 1925 , 3, 192S) ^ 

Luck, James Murra), PIi D Stanford Univcr- 
8it> , Stanford, Cahf Professor of Dwchcmistry 
(2, 1925) 

LuckG, Balduin, M D 141 Montgomcrj Avo , 
BalaCjnwjd, Pa Professor of Pathology, 
Unnersily of Pennsylvanta Medical School 
(4, 1924) 

Luckhardt, Arno Benedict, MS, Ph D , M D , 
ScD , LLD Unnersily of Chicago, Chicago, 
111 Professor of Physiology (1, 1911) 
Ludewig, Stephan, Ph D University of Virginia 
School of Medicine, University Associate 
Professor of Biochemistry (2, 1941) 

Luduena, Froilan P , PIi D , M D Department of 
Phatmacologt , Stanford Univorsitj Medical 
School, San Francisco, Calif Assistant Professor 
of Pharmacology (3, 1941) 

Lukens, Francis D W , M D University of 
Pennsylvania, 809 Maloney Clime, 36th and 
Spruce Sts , Philadelphia Assistant Professor 
of Medicine and Director, George S Cox Medical 
Research Institute (1, 1938) 

Lund, E J , Ph D Department ofi Zoology and 
Physiology, University of Texas, Austin Pro- 
fessor of General Physiology (1, 1930) 

Lundgren, Harold P , Ph D Western Regional 
Research Laboratory, U S D A , Albany 6, Cahf 
Senior Chemist (2, 1942) 

Lundy, John Silas, M D The Mayo Foundation, 
Rochester, Minn Chief of Section on Anes- 
thesia (3, 1935) 

Lurie, Max B , M D Henry Phipps Institute, 
7th and Lombard Sts , Philadelphia, Pa Asso- 
ciate Professor of Experimental Pathology 
(4. 1934,6, 1930) 

Luts, Brenton R , Ph D Boston University, 688 
Boylston St , Boston, Mass Professor of 
^’Ology (1, 1925) 

Luyet, Basile J , Sc D (Biol ), Sc D (Physics) 
St Louis University School of Medicine, St 
Pouis, Mo Professor of Biology (I, 1936) 
Lyall, Harold W , A M , Ph D Division of Labo 
ratones and Research, New York State Depart- 
ment of Health, Albany Assistant Director in 
charge of Antitoxin, Serum, and Vaccine Labo- 
ratories (C, 1937) 

Tman, Carl M , Ph D Division of Si\ me Hus 


bandrv. Agricultural Experiment Station, Col- 
lege Station, Texas Nitlriiiomsl (2, 1940) 
Lyman, John F , Ph D Townshend Hall, Ohio 
State University, Columbus Professor of Agri- 
cultural Chemistry (2, 1920,5,1933) * 

Maaskc, Clarence A , Ph D University of Colo 
rado School of Medicine, 4200 E 9tli Ave , Den- 
\Dv, Colo Associate Professor of Physiology and 
Pharmacology (1, 1915) 

Macnllum, A Bruce, M D , Ph D Medical 
Scliool, University of Western Ontano, London, 
Ont , Canada Professor of Bwchcmislry (2, 
1914) 

MacArthur, Edith H , AM, Ph D Skidmore 
College, Saratoga Springs, N Y Professor and 
Director of Home Economics (5, 1933) 
MacCorquodale, D W , M S , Ph D Abbott 
Laboratories, North Chicago, 111 Head, Bio- 
chemical Research (2, 1934) 

MacFadyen, Douglas A, MA, MD Rusli- 
Proshylcrian Hospital Division, University of 
Illinois College of Medicine, 1753 West Congress 
St, Chicigo 12, 111 Professor of Biochemistry 
(2, 19(2) 

MacKay, Eaton M , M D The Senpps Metabolic 
Clinic, La Jolla, Cahf (1, 1930) 

Mackenzie, Cosmo G , A B , Sc D Dept of Bio- 
chemistry , Cornell Univ Med College, 1300 
\ork Vac , New hoik21, N Y Research Associ- 
ate (I, 1046, 2, 1046, 5, 1942) 

Mackenzie, George M , M D Mary Imogene 
Bassett Hospital, Cooperstown, N Y Physi- 
cian-in-Chief, Director, Otsego County Labora- 
tories (6, 1921) 

MacLeod, Cohn M , M D New York University 
College of Medicine, 477 First Ave , New York 
City Professor of Bacteriology (G, 1937) 
MacLeod, Florence L , M A , Ph D Umversity 
of Tennessee, Knoxville Professor of Nutri- 
tion (2, 1927,5, 1933) 

MacLeod, Grace, M A , Ph D 106 Morningside 
Drive New York City Professor Emeritus of 
Nutrition Teachers College, Columbia Uni- 
versity (2, 1924 , 5, 1933) 

MacLeod, John, M S , Ph D Cornell Umversity 
Medical College, 1300 York Ave New York City 
Assistant Professor of Anatomy (1, 1942) 
MacNabb, Andrew L,VS,BVSc,rAPHA 
Department of Health of Ontano, Toronto, 
Canada Director of Laboratories (6, 1941) 
MacNider, William deB , M D , Sc D , LL D 
University of North Carolina, Chapel Hill 
Kenan Research Professor of Pharmacology, 
Member, National Academy of Sciences (1, 
1912, 2, 1912, 3, 1909, 4, pnor to 1920) 

Macht, David Israel, MD , Phar D (hon ), 
Litt D 3420 Auchentoroly Ter , Baltimore, Md 
Research Pharmacologist, Stnai Hospital Labo- 
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7 atones, a7%d Consultant Phannacologist, Sinai 
Hospital (1, 191G) 

MacPhiUamy, Betty Bo\vscr, M S , Pli D tj 
Beckman Rd , Summit, N I Viiologist (6, 
1,914) 

Madden, Sidney C, MD Emoiy Umvcibitj, 
School of Medicine, Atlanta, Ga Professor of 
Pathology (4, 1939) 

Maddock, Stephen, M D Boston City IIosjuUl, 
Boston, Mass Director of Surgical Research 
Laboratory (4, 1931) 

Madsen, Louis L , Ph D Dept of Anim d Hus- 
bandry, Utah State Agricultural College, I,ogin 
Nutritionist (5, 1940) 

Magath, Thomas B , M S , Ph D , M D Mayo 
Clinic, Rochester, Minn Associate Professor 
of Clinical Bacteriology and Parasitology, Uni- 
versity of Minnesota, Mayo Foundation, Con- 
sultant Physician in Clinical Lahoi atones, 
Mayo Clinic (1, 192S) 

Magill, Thomas P , M D Cornell University' 
Medical College, 1300 York Ave , Neu York 
City (6, 1937) 

Magoun, Horace W , PhD Northuestcin Uni- 
versity Medical School, 303 E Chicago Ave , 
Chicago, 111 Professor of Microscopic Anatomy 
(1, 1937) 

Mahon, Eleanor Conway, Ph D Iron River, 
Mich (4, 1940) 

Mam, Holland J , Ph D Medical College of 
Virginia, Richmond Professor of Physiology 
(1, 1936) 

Maison, George L , M S , M D 310 Hains Ave , 
Needham, Mass (1, 1939) 

Major, Randolph T , M Sc , Ph D Coles Ave , 

Mountainside, Westfield, N J Director of 

Research, Merck <£ Co , Inc , Rahway, N J 
(2, 1942) 

Mallory, G Kenneth, M D Mallory Institute 
of Pathology, Boston City Hospital, Boston, 
Mass Professor (4, 1940) 

Mallory, Tracy B , M D Massachusetts General 
Hospital, Boston Diiector of Pathology and 
Bacteriology, Assistant Professor of Pathology, 
Harvard Medical School (4, 1937) 

Maloney, Arnold H , Ph D , M D , LL D How- 
ard University School of Medicine, Washington, 
D C Professor and Head of Department of 
Pharmacology (3, 1932) 

Maltaner, Frank, Ph D 388 New Scotland Ave , 
Albany, N Y Assoctalg^ Bwchemist, Division 
of Laboratories and Research, New York Stale 
Department of Health (6, 1920) 

Maluf, N S Rustum, M S , Ph D Suigical Sciv- 
ice. University of Minnesota Hospitals, Minne- 
apolis 14, Minn Suigical Sei vice (1,1942) 
Man, Eielyn B , Ph D 333 Cedar St , New Haven, 
Conn Assistant Professor in the Biochemistry 


Lnhointorii, Drjit of Psychiatri/, Yale University 
School of Midiiinc (2, 1910) 

Mnncrj, Jennne Forest, MA, PhD Medical 
School, University of 'roronto, Toronto, Ont , 
Canadi Demonstrator in Biochemistry (1, 
1037) 

Mann, Frank C , M A , M D , Sc D , LL D 
Mayo Clinic, Bo\ 230, Rochester, Minn Dircc 
tor. Division of Bxpcrimcntal Medicine, Profes 
sor of Experimental Medicine, Mayo Foundation 
(1, 1010, 3. 1023, 4, 1021) 

Manning, G W , M D 20 Woodington Ave , 
Toronto, Ont irio, Canada Medical OJJiccr in 
Charge, No 2 R C A F Research Unit (1, 
1914) 

Manyillc, Ira Albert, M \ , M D , Ph D 811 N 
W lOtli A%( , Portlaml 0, Ore (1, 1033) 
Mannaring, Vilfrod H, MD Stanford Uni- 
versity', Pilo Alto, Cilif Professor Emeritus of 
Baclci tology and Experimental Pathology (4, 
prior to 1920, C, 1917) 

Marine, I)a\id, \ M , M D IS Biltiniore \vc , 
Uehobolh, D(I (I, 1010, 4, 1013) 

Markcc, Joseph L , Ph D Duke University 
,S( liool of Medn me, Diiih uii, N C Professorof 
Anatomy (1, lOl’j) 

Markowit?, J , hf D , Ph D 220 Bloor St , 
Toronto, Ont, Caiiula Research Associate in 
Physiology, Univeisity of Toronto, Faculty of 
Medicine (1, 1929) 

Marmont, George H , P)i D Institute of Radio- 
biology and Biophysics, University of Cliicigo, 
Chicago 37, 111, Assistant Professor of Physiol- 
ogy (I, 1941) 

Marmorston, Jessie 441 S Bc\crly Drive 
Beverly Hills, Calif (G, 1932) 

Marrazzi, Am6deo S , M D Way'ne University 
College of Medicine, Detroit 26, Mich Professor 
and Head of the Department of Pharmacology 
(3, 1938) 

Marsh, David F , A B , MS, Ph D Dept of 
Pharmacology', West Virginia University, Mor- 

gantoun,W Va Head and Associate Professor of 

Pharmacology (3, 1946) 

Marsh, Gordon, Ph D State University of Iowa, 
Iowa City Assistant Professor of Zoology (1 
1944) 

Marsh, M Elizabeth, MS, Ph D Kilhan Re- 
search Laboratories, 49 W 45th St , New York 
City Assistant Director (1, 1929, 5, 1933) 
Marshak, Alfred Gcorge,_MYf, , Ph D Rocko- 
follci Inst for Med llcseaich, GGth St andYoik 
Ave , New Yoik 21, N Y (1, 1940) 

Marshall, Eli Kennerlj, Jr , Ph D , M D , LL D 
Johns Hopkins Medical School, Baltimore, Md 
Profcssoi of Pharmacology and Experimental 
Theiapcutics Member, National Academy of 
Sciences (1, 1915, 2, 1913, 3, 1915) 
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Marshall, Louise Hanson (Mrs Made H ), A B , 
M V , Ph D Dept of Pin siology, Natl Inst 
of Health, Bethesda, Md Issntouf /’/ii/iiofotfiaf 
(1, 191G) 

Marshall, Made H , Ph D 9700 Brunolt Avc , Sii- 
^ er Spring, Md 'Wilmcr Ophtlmlmological Insti- 
tute Johns Hopkins Hospital Baltimore, Md 
Associate tnPhystologicalOpltcs, Johns Hop! ins 
Hospital (I, 1937) 

Martin, Arthur IV , Jr , Ph D 202 Physiology 
Hall, Unncrsitj of Washington, Seattle ,flsso 
ciatc Professor of Animal Biology (I, 1911) 
Martin, Donald S , M D Duke Hospital, Durham, 
N C Associate Professor of Bacteriology and 
Associate in Medicine, Duke University School 
of Medicine, Icinig Professor of Prcientiic Medi- 
cine and Public Health (4, 1940, G, 1943) 
Martin, Stephens J , M A , Ph D St Francis 
HospiUl, Hartford, Conn (1, 1933) 

Mason, Edward C , M D , Ph D University of 
Oklahoma School of Medicine, Oklahoma City 
Professor of Physiology (1, 1935) 

Mason, H L , M A , Ph D Maj'o Clime, Roches- 
ter, Mmn Associate Professor of Physiological 
Chemistry, The Mayo Foundation, University 
of Minnesota (2, 1941) 

Mason, Eleanor Dewey, A B , A M , Ph D Dept 
of Physiology and Nutrition, Women's Christian 
College, Cathedrd P 0 , Madrxs, India Pro 
lessor of Physiology and Nutrition (1, 1940) 

Mason, Karl Ernest, Ph D The University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N Y Professor of Anatomy 
(1. 1932,5, 1941) 

Mason, Morton F , Ph D Parkland Hospital, Oak 
Lawn A\e , Dallas, Texas Professor of Patho- 
logical Chemistry and Experimental Medicine, 
Southicestern Medical College (2, 1938) 
Massengale, Oliver N , Ph D Mead Johnson A, 
Co , Research Laboratory, Evansville, Ind Re- 
search Biochemist (2, 1937) 

Masson, Georges M C , Ph D McGill Uni- 
versity, Montreal, Canada Research Associate 
(1, 1944) 

Mast, S O , Ph D Johns Hopkins Umversity, 
Baltimore, Md Professor of Zoology (1, 
1920) 

Mathews, Albert Prescott, Ph D , D Sc (hon ) 
Woods Hole, Mass Professor Emeritus of 
Biochemistry, Univ of Cincinnati (I, 1898, 2, 
1900) 

Mattill, Henry A , A M , Ph D State Unix ersity 
Ot lown, Io^\a City Professor of Biochemistry 
(1. 1913,2, 1909,5, 1933) 

‘Mattis, Paul A , B S , D Sc School of Pluarraacy , 
buiv of Florida, Gainesx die, Fla Head Profes 
'or of Pharmacognosy and Pharmacology (3, 


Maurer, Frank W , Ph D 301 Lake Ave , New ton 
Highlands 61, Mass (1, 1911) 

Mnutr, Frederick R , M D Western Reserve 
School of Medicine, Cleveland G, 0 issislant 
Professor of Surgery (1, 1945) 

Mnvor, James Wall, Ph D 24 Edward St , Bel- 
mont 78, Mass (1, 1930) 

Mayer, Manfred M , Ph D GO Seversky Court, 
Baltimore, Md Instructor in Biochemistry 
(0, 1010) 

Mayerson, Hymen S , Ph D Tulane University 
School of Medicine, Station 20, New Orleans, La 
Profcssoi of Physiology and Head of Dept of 
Physiology (1, 1928) 

Maynard, Leonard A , Ph D , Sc D Cornell 
University , Ithaca, N Y Professor of Nutri- 
tion, Director, School of Nulrilton, Member 
National Academy of Sciences (2, 1930, 5, 
1933) 

Mazur, Abraham, M A , Ph D Dept of Medi- 
(ine, Cornell Univ Medical College, 1300 York 
Avc, New \ork 21 N Y Rscarch Associate 
(2, 1914) 

McCann, William S , M D , D Si (lion ) Uni- 
versity of Roi litstcr, Si hoo! of Mciliunc, Roehes- 
ler, N I J'hc Charles A Dcuey Professor of 
Medieinc (2, 1023, 5, 1933) 

McCarrclI, June D Dept of Physiology, Vassar 
College, Poughkeepsie, N Y (1, 1942) 

McCawley, Elton Lccman, Ph D Yale Medical 
School, New Haven, Conn Instructor in Pharma- 
cology (3, 1944) 

McCay, Cine M , M S , Ph D Animal Nutrition 
Laboratory , Dairy Budding, Cornell Umversity , 
Ithaca, N Y Professor of \niTition (2,1929, 
5, 1933) 

McChesney, Evan B'diiam, PhD Sterling- Win- 
throp Research Institute, 33 Riverside Ave , 
Rensselaer, N A Research Biochemist (1, 
1944) 

McClellan, Walter S , M D Saratoga Spa, 
Saratoga Springs, N Y Medical Director, 
Associate Professor of Medicine, Albany Medical 
College (1, 1931) 

McClendon, J F , M S , Ph D Route 1, Box 383, 
Trooper Road, Nornstown, Pa Research Pro 
fessor of Physiology, Hahnemann Medical 
College (1, 1910 , 2, 1914 , 5, 1935) 

McClosky, William T , B A 5120 7th St , N W , 
Washington, D C Senior Pharmacologist, Dw 
of Pharmacology, Food and Drug Administra- 
tion (3, 1929) 

McCollum, Elmer Verner, M A , Ph D , Sc D , 
LL D Johns Hopkins UnixtrsiU, Baltimore, 
Md Emeritus Professor of Biochemistry, Mem- 
ber, National leademy of Sciences (2 1910,5, 
1933) 

McCollum, Ernestine Becker, AI A , Johns Hop 
kins University , School of Hygiene, Baltimore 5, 
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Mcl Assislajit Professor of Biochciinstrif (>, 
(193S) 

McCouch, Grajson Prevost, M D Univcrfiitj' of 
Pennsylvania, Pluladclphn Assistant Profes- 
sor of Physiology (1, 1925) 

McCrea, Forrest D , Ph D Duke University 
School of Medicine, Durham, N C yls90ci«/c 
Professor of Physiology and Phariiiacologii 
(1, 1929,3, 1937) 

McCrudden, F H , M D 501 Boylsloii St , 
Boston, Mass Assistant Medical Director, New 
England Mutual Life Insurance Co (2, 1900) 
McCullagh, D Roy, M Sc (Man ) , Ph D (Can- 
tab ), FIC 150 Northficld Rd , Bedford, O 
Vice-President (2, 1932) 

McCulloch, Warren Sturgis, M A , M D Uni- 
versity of Illinois, College of Medicine, 912 .S 
Wood St , Chicago Associate Piofcssm of 
Psychiatry (1, 1930) 

McCutcheon, Morton, M D Univcisitj' of Penn- 
sylvania Medical School, Philadclphi i Profes- 
sor of Pathology (4, 1925) 

McDonald, Francis Guy, M S , Ph D Research 
Laboratory, Mead Johnson A Co , Evinsville, 
Ind Research Biochemist (2, 1930) 

McElroy, L W Dept of Animal Science, Uni- 
Assooiatc Piofcssoi of Animal II iishandi y (j, 

19-14) 

McElroy, William D , Pli D Dept of Biologj', 
Johns Hopkins Univeisity, Baltimoio, Md (1, 
1945) 

McEllroy, William Swindler, M D School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa Professor of Physiological Chemistry, Dean, 
School of Medicine (2, 1919) 

McFarland, Ross A , Ph D Harvard University, 
Division of Industrial Research, Graduate School 
of Business Administration, Soldiers Field, 
Boston, Mass Assistant Professor of Industrial 
Research (1, 1943) 

McFarlane, William Douglas, Ph D Macdonald 
College, (McGill University), Macdonald Col- 
lege, P Q , Canada Professor of Chemistry 
(2, 1933) 

McGinty, Daniel A , M A , Ph D Parke, Davis 
& Co , Detroit, Mich Research Physiologist 
(1, 1925) 

McGuigan, Hugh Alister, Ph D , M D 1853 
W Polk St , Chicago, 111 Professor of Pharma- 
cology and Therapeutics, College of Medicine, 
University of Illinois (1, 1907 , 2, 1906 , 3, 
1913) “ 

McHargue, J S , M S , Ph D , D Sc Department 
of Chemistry, Kentucky Agricultural Expeii- 
ment Station, University of Kentucky, Lexing- 
ton Emeritus Member (2, 1927) 

McHenrj, E W , M A , Ph D , F R S C School 
of Hygiene, University of Toronto, Toronto, 
Canada Pioftssoi of Public Health Nulntion 
(2, 1938, 5, 1935) 


McIntyre, A R , Pli D , M D College of Modi 
cine, Univfisit9 of Ncliraska, 12nfl and Dcupy 
Avc , Omalia Professor of Physiology and 

Pharmucologti (1, 1033,3, 1918) 

McKee, Clara M , Srpiibb Institute for Medical 
ILsoardi, Ni w Bninswii k, >, T Ai^ocm/c in 
Minobiolngy (6, Pill) 

McKee, Ralph Mcnddl, MS, Pli D Ilanard 
Midn il Sdiool, 2") .Sliiltink St , Boston, '\ri''S 
Is o( tail , Dipt of Biorhi misli 1 / (2, 1916) 

McLain, Paul L , M D Uiincrsity of Pittsburgh 
McdiutI Sdiool, I’lttsbiirgh, Pa Assistant 
Professor of Phij loloqy and Pharmacology, 
Major, MC (3,1910) 

McLean, Franklin C , Ph D , M D Uiuvcroity 
of Cliic-igo, Cliic.igo, III Professor of Patho- 
logical Physiology (1, 1911, 2, 1910, 3, 1910) 
AIcLe.in, I William, Jr , B S , M D \ inis Re- 
seirdi Di\ision, PirkeDuis Kdioritoiy, Dc- 
lioil,,Mi(h Senior R< tatch Issoriatr (0,1910) 
McLcstcr, James S , AI D , LL D University of 
‘\hbaiiii, 930 S 201 ii St, Birmingham Pro- 
fessor of Medicine (5, 1933) 

McMaster, Philip D , M D The Rockefeller 
Institute for Medical Reseirch, COth St and 
A'ork Avc , New York City (4, 1921) 
McMeekin, Thomas L , Ph D Listcrn Regional 
Research Laboratory , U S DcpartmC’^ of 
Agiiculturc, Pliiladelphia, Pi Senior Chcmtsl 
(2, 1935) 

McNaiight, James Bernard, M D University of 
Colorado Sdiool of Medicine, Denier 7 Pro- 
fessor of Pathology (4, 1930) 

McPhail, Murchic Kilburn, Ph D Dalhousie 
University, Ilalifix, Nova Scotia Professor of 
Pharmacology (3, 1911) 

McQuarrie, Irvine, Ph D , M D University of 
Minnesota, Minneapolis Professor and Head 
of Department of Pediatrics (4, 1927 , 5, 1933) 
Medes, Grace, Ph D Lankenau Hospital Re- 
search Institute, Philadelphia, Pa Research 
Physiological Chemist (2, 1930) 

Medlar, Edgar M , M D Path Bldg , Room 708 
Bellevue Hospital, 1st Ave at 26th St , New 
York, N Y Pathologist (4, 1927) 

Meek, Walter J , Ph D University of Wisconsin, 
Madison Professor of Physiology, Assistant 
Dean of the Medical School (1, 1908) 

Mehl, John Wilbur, M A , Pli D Dept of Bio- 
chcmistiy, Univeisity of Southeiii California, 

, Los Angelos ~JC dlf Associate Piofcssoi 
1940) 

Mellon, Ralph R , M D , M Sc , Dr P II , Sc D 
(hon ) Institute of Pathology, Western Penn- 
sylvania Hospital, Pittsburgh Director (6, 
1918) 

Melnick, Daniel, Ph D Food Research Labora- 
tories, Inc , 48-14 33rd St , Long Island City, 
N Y Chief Chemist (2, 1940 , 5, 1942) 
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Melnick, JoscpF L, I’h D Ynlc Uiiucrsiiy 
School of Mcilicmc, Xc\\ linen, Conn jUvslanl 
Profc’tsnr of Pnicnlitc lUcdicnir (2, 1910) 
Melville, Kenneth Ivnn, M Sc , AID, CM 
McGill Unncrsitj, Alontrcnl, Cundi Assist- 
ant Professor of Pharmacology (3, 1931) 
Mendenhall, M alter L , S M , AID Boston 
Unucrs,it> Medical School, SO E Concord St , 
Boston, Alnss Professor of Pharmacology 
(1, 1915,3, 1917) 

Mendez, Rafael, AI D Lov ola University School of 
Medicine, TOG S Wolcott Avc , Chicago, III 
Assistant Professor of Pharmacology (3, 1944) 
Meneelv, George R, AID Vanderbilt Umv 
School of Alcdiciiip, Nashville 4, Tenn Inslruc 
tor 111 Medicine (4, 191G) 

Menkm, 4 alj , AI A , M D Temple Umv School 
of Alcdicmc, PhiUdclphia, Pa Associate Profes 
sorof ETpcnmuilnl Pathology (1, 1932,4,1932, 

G, 1031) 

Menten, Maud L , M D , Ph D University of 
Pittsburgh, Pittsburgh, Pa Associate Profes- 
sor of Pathology (1, 1915 , 4, 1927) 

Mettier, Stacy R , AI D University of Cali- 
fornia Hospital, Sin Francisco Associate Pro- 
fmorof ilfedictne (4, 1932) 

Alcttler, Fred A , A M , Ph D , AI D Department 
of Keurologj, College of Physicians and Sur 
£cons, Columbia University', Now York City 
' 'ssociatc Professor of Anatomy (1, 1937) 

Mejer, Curtis E , AI S , Ph D The Upiohn Co , 
IvalamazQo, Alich Research Chemist (2, 1942) 
Meyer, Karl, AI D , Ph D 630 W IGSth St , 
New York City Associate Professor of Bio- 
chemistry, Dept of Ophthalmology, College of 
Physicians and Surgeons, Columbia University 
(2, 1934) 

Meyer, Karl F , AI D , Ph D Aledical Center, 
San Francisco, Calif Professor of Baden 
ofopy, Unnersity of California Director of the 
George Williams Hooper Foundation for Medical 
Research (4, 1930, G, 1922) 

Gleyerhof, Otto, AI D , LL D Department of 
Physiological Chemistry, University of Penn- 
sylvama School of Aledicine, Philadelphia 
Research Professor of Biochemistry (2, 1941) 
Alichaehs, Leonor, AI D , LL D Rockefeller In- 
stitute for Aledical Research, 66th St and York 
Ave , Nen York Citv Member Emeritus (2, 
1929) 

Mickelsen, Olaf, Ph D University of Minnesota, 
Dtpariment ot Physiological Hygiene, Stadium 
South Ton er, Minneapolis Assistant Professor 
(2, 1944) 

Glider, George Burroughs, AI D Strong Memo- 
rial Hospital, Rochester 7, N Y Research As- 
sociotc in Surgery (4, 1940) 

‘Miles, Walter R , A AI , Ph D 333 Cedar St , 


New Haven, Conn Professor of Psychology, 
The School of Medicine and the Institute of 
Unman Relations, Vale University, Member of 
the National Academy of Sciences (1, 1919) 
Milhornt, Ado T , M D Cornell Ifniversity 
Aledical College, 1300 York Avo , New York City 
Issociatc Professor of Medicine, Research Fellow, 
Russell Sage Institute of Pathology (1, 1934,3, 
1937,5, 1935) 

Miller, Augustus Taylor, Jr , Ph D University of 
North Carolina Aledical School, Chapel Hill 
Associate Professor of Physiology (1, 1944) 
Miller, Benjamin F , Cli E , AI D Dept of Aledi- 
cinc, Umv of Chicago, Chicago, HI Assistant 
Professor of Medicine (2, 1938) 

Miller, Carey D ,AI S University of Hawaii, Hono- 
lulu Professor of Food and Antrilion, Hawaii 
Agricultural Experimental Station (5, 1942) 
Miller, C Phillip, M D , MS University of 
Chicago, Chicago, 111 Professor of Medicine 
(4, 1925, G, 1928) 

Miller, Edgar C L , M D %Libmry, Medical 
College of Virginia, Richmond Directing Li- 
brarian (G, 1913) 

Miller, Edgar G , Jr , Ph D 630 W 16Sth St , 
New York City Professor of Biological Chem- 
istry, Columbia University (2, 1930) 

Miller, Franklin R , M D Jefferson Medical 
College and Hospital, Division of Hematology, 
Philadelphia, Pa Associate Professor of Medi- 
cine (4, 1940) 

Miller, Frederick R,AM,MD,FRGP (C), 
F R S Faculty of Aledicine, University of 
Western Ontario, London, Ont , Canada Pro- 
fessor of Physiology (1, 1908) 

Miller, G H , A M , AI D American University 
of Beirut, Beirut, Syria Dean of the College of 
Medicine (3, 1925) 

Miller, Lila, AI S , Ph D Dept of Biological 
Chemistry, University of Alichigan, Ann Arbor, 
Alich Assistant Professor of Biological Chemis- 
try (2, 1946) 

Miller, Lloyd C , Ph D Sterhng-Wmthrop Re- 
search Institute, 33 Riverside Ave , Rensselaer, 
N Y Director, Biology Division (3, 1938) 
Miller, R C , Ph D Pennsylvama State College, 
State College Assistant Professor Agricultural 
and Biological Chemistry (5, 1935) 

Miller, Zelma Baker, Ph D 2444 Laughhn Ave , 
La Crescenta, Calif (2 1940) 

Millikan, Glenn A , Ph D Vanderbilt Umv , 
Nashville, Tenn (I, 1940) 

Mills, Clarence A , Ph D , AI D 228 Woolper 
Ave , Cincinnati, 0 Professor of Experimental 
Medicine, Uiiiicrsily of Cincinnati (1, 1921, 
2, 1921) 
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Minot, Annie Stone, Ph D Vanderbilt Univer- 
sity Medical School, Nashville, Tenn Re- 
search Associate, Dcparlincnl of Pharmacology 
(1, 1923) 

Mirsky, Alfred E , Ph D Rockefeller Inst , GGth 
St and York Ave , New York 21, N Y Associate 
Member (2, 1941) 

Mirsky, I Arthur, M Sc , M D , C M The Jew ish 
Hospital, Cincinnati, 0 Director, The May 
Institute for Medical Research, Assistant Profes- 
sor of Biochemistry, University of Cincinnati 
(1, 1936) 

Mitchell, Harold H , M S , M D 120 S Lasky Dr , 
Beverly Hills, Calif (G, 1913) 

Mitchell, Harold H , M S , Ph D 557 Davenport 
Hall, Uiuversitj' of Illinois, Uibana, 111 Pro- 
fessor of Animal Nutrition (2, 1919, 5, 1933) 
Mitchell, Helen S , Ph D Massachusetts SUite 
College, Amherst, Mass Dean of the School of 
Home Economics (2 1925, 5, 1933) 

Mitchell, Philip H , Ph D Broivn University 
Providence 12, R I Robert P Brown Profes- 
sor of Biology (2, 1909) 

Modell, Walter, M D Cornell University Medical 
College, 1300 York Ave , New York, N Y In- 
structor in Pharmacology (3, 1944) 

Moe, Gordon Kenneth, Ph D , M D University of 
Michigan, Ann Arbor Assistant Professor of 
Pharmacology (3, 1944) 

Mohn, James F , M D 24 High St , Buffalo, N Y 
Instructor in Bacteriology and Immunology, 
Univ of Buffalo School of Medicine (G, 1940) 
Molitor, Hans, M D 50 Lawrence St , Rahway, 
N J Director, Mcrch Institute for Therapeutic 
Research (1, 1933, 3, 1942) 

Molomut, Norman, M A , Ph D Biological Labs , 
IG Clinton St , Brooklyn 2, N Y (6, 1942) 
Moon, Virgil H , M Sc , M D Jefferson Medical 
College, Philadelphia, Pa Professor of Pa- 
thology (4, 1934) 

Moore, A R , Ph D University of Oregon, 
Eugene Research Proffessor of General Physi- 
ology in the Department of Psychology (1, 1912) 
Moore, Carl Vernon, M D Washington Univer- 
sity School of Medicine, St Louis, Mo Professor 
of Medicine (4,1938, 5, 1941) 

Moore, Lane A , Ph D Division of Nutrition and 
Physiology, Buieau of Dairy Industry, Bclts- 
ville, Md Head, Section of Dairy Cattle Nutri- 
tion (5, 1940) 

Moore, Robert A , M D Washington~Uhiver^^ 
Medical School, St Louis, Mo Professor of 
Pathology, Acting Dean (4, 1929) 

Moore, Robert M , M D 5S0S Westminster, St 
Louis, hlo U Col , M C (1, 1932) 

Moorhouse, Victor Henry K , M B University 


of Manitoba, Winnipeg, Canada Professor of 
Physiology (1, 1912) 

Morgan, Agnes Fnj, M S , Pli D Luiivcrsitj of 
California, Berkeley Professor of Home Eco- 
nomics, Biochemist, Agric Exp Station, Head, 
Department of Home Economics (2, 1929, 5, 
1933) 

Morgan, Clifford T , M A , Ph D lOS Mcrgcn 
(haler Hall, Johns Ilojikins Lnivcrsity, Ililti 
morels, Md (1,1911) 

Morgulis, Sergius, A M , Pli D University of 
Nebraska College of hledicine, Omaha Pro- 
fessor of Biochemistry (1, 1914,2, 1910) 
Monson, Robert S , M D Rockefeller I'oiinda 
tion, GGth St and York A\c , New York City 
Assist Director of the Med Sciences (1, 1938) 
Montz, Alan R , M D Harvard Medical School, 
Boston, Mass Professor of Legal Medicine 
(4, 1931) 

Morrell, Clarence Allison, M A , Ph D Depart- 
ment of Pensions and National Health, Ijabora- 
tory of Hygiene, Sussc\ and John Sts , Ottawa, 
Canada .Senior Pharmacologist (3, 1937) 
Morris, Harold P , MS, Ph D National Cancer 
Institute, Bethesda, Md Senior A^utrition Chem- 
ist, U S Public Health Service (2, 1944, 5, 
1943) 

Morns, Marion C Public Health Research Insti- 
tute of City of New York, Foot of East 15th St , 
New York City Associate in Division of In- 
fectious Diseases (G, 193G) 

Morrison, Dempsie B , M S , Ph D University 
of Tennessee Ckillcge of Medicine, Memphis 
Associate Professor of Chemistry (2, 1936) 
Morrison, James L , Ph D Emory University' 
School of Medicine, Emory University, Ga 
Assistant Professor of Pharmacology (3» 1944) 
Morse, Minerva, MS, PhD 552^ Kimbark 
Ave , Chicago, 111 Research Associate, Depart- 
ment of Pediatrics, University of Chicago 
(2, 1934) 

Morse, Withrow, Ph D 32 Manchester Rd , 
Eastchester, via Tuckahoe, N Y Consultant 
(2, 1914) 

Mortimer, Bernard, Ph D , M D 406 Buell Ave , 
Joliet, Illinois, Cook County Hospital, Chicago 
(1, 1936) 

Morton, John J , M D University of Rochester, 
School of Medicine and Dentistry,^Rochester,^ 

Professor'^ 'Sui'gtTy'^ fa, 

Moulton, C Robert, M S , Ph D 5602 Dorchester 
Ave , Chicago 37, Rl (5, 1933) 

Mo\on, Alvin L , MS, Ph D College Station, 
Brookings, S D Chemist, South Dakota Agri- 
cultural Experiment Station (2, 1944) 
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Mover, Cnrl A , I’h D GJ17 GIcnroso Ct , Dallas 
1, Tevis (1..B113) 

Mndd, Stuart, M A , M D Univcrsitj of Penn- 
BjlTOnn, Philadelplua Professor of Baclcrt- 
ology (1, 1921,4, 1927,0,1927) 

Muehlbergcr, Clarence IV , MS, Ph D State 
Health Department Laboratories, Lansing, Mich 
State Toxicologist (3, 1928) 

Mueller, J Howard, M S , Ph D 2170 Centro St , 
M Rovburj , Mass Professor of Bactcrtology and 
Immunology, Ilanard Mcdieal School (2, 1922, 
4, 1927, 6, 1920) 

Mukherji, B , M B , D Sc All-India Institute of 
Hj-gienoand Public Health, Calcutta Director, 
Biochemical Standardization Laboratory (3, 
D3S) 

Mulder, Arthur G , Ph D Univcrsitj of Ten- 
nessee College of Medicine, Memphis Asso- 
ciate Pro/cssor o/ Physiology (1, 1937) 

Mnlmos, M G , M D , Ph D Xew York 
Medical College, blower and Fifth Avenue Hos- 
pitals, Fifth A\e and 103th St , Now York 29, 
H Y Associate Professor of Pharmacology (3, 
1931) 

Mull, James W , Ph D Maternity Hospital, 
2095 Adelbert lid , Cleveland, 0 Senior In- 
structorin Biochemistry m charge of Biochemical 
Bescarch in Obstetrics, 11 estern Reserve Unt- 
fersitp (2, 1937) 

Mnllin, F J , M S , Ph D University of Chicago, 
Chicago, 111 Assistant Professor of Physiology 
(1. 1937) 

Jlunsell, Hazel E , M A , Ph D Nutrition Bio- 
chemistry Labs , Dept of Food Technology, 
Mass Inst of Technology^ Cambridge Research 
Issocialt (5, 1933) 

Muntwyler, Edward, Ph D Long Island CoUege of 
Medicine, 350 Henry St , BrooUyn, N Y Pro- 
fessor of Biochemistry (2, 1931) 

Murhn, John R , AJM , Ph D , Sc D Umversity 
of Rochester Medical School, 2G0 Crittenden 
Blvd , Rochester, N Y Professor Emeritus of 
Physiology and Director Emeritus of Deaprtment 
of Vital Economics (1, 1906 , 2, 190S , 5, 1933) 
lurphy, James B , M D Rockefeller Institute 
for Medical Research, 66th St and York Ave , 
I'ew York City ilembcr (4, prior to 1920) 
Murray, Everitt G D , O B E , B A honors in 
Natural Science, hi A. LMSSA, FRSC 
McGil’ University, Montreal, Canada Profes- 
sor of Bacteriology and Immunology and Head 
of the Department, McGill Umvcrstly, Bacteri- 
oogisi in Chief to the Royal Victoria Hospital) 
0 the Children’s Memorial Hospital and to the 
Alexandra Hospital (6, 1933) 

' uus, Jj tte, Scient (Univ of Copenliagen), 


Mount Ilolyokc College, South Hadley, Mass 
Associate Professor (2, 1910) 

Myers, Chester N , Ph D , Sc D 34 Cedar Place, 
Yonkers 5, N Y Chief, Division Chemother- 
apy, N Y Skin and Cancer Hospital, Asso- 
ciate 111 Dermatology and Syphilology, College of 
Physicians and Surgeons, Research Chemist, 
Vanderbilt Clinic, Director, Chemical and 
Clinical Research, H A Metz Laboratories, 
Inc (2, 1922) 

Myers, Victor C , M A , Ph D , Sc D School of 
Medicine, Western Reserve University, Clevc- 
Land.O (1, 1916,2,1910,5,1933) 
Nacliraansohn, David, M D Dept of Neurology, 
College of Physicians and Surgeons, Columbia 
University, 630 W IGSth St , New York City 
Research Associate in Neurology (1, 1940) 
Nadlcr, J Ernest, M D , Med D Sc 80 16 Lef- 
ferts Blvd , Kew Gardens 15, L I , N Y (3, 
1910) 

Nahum, Louis N , M D 1142 Chapel St , New 
Haven, Conn Assistant Professor of Physi- 
ology, Yale University (1, 1934) 

Najjar, Victor A , M D Dept of Biological Chem- 
istry , Washington Univ School of Medicine, St 
Louis, Mo (2, 1946) 

Nash, Thomas P , Jr , M A , Ph D 876 Monroe 
Ave , Memphis, Tenn Professor of Chemistry, 
College of Medicine, Dean of School of Biological 
Sciences, University of Tennessee (2, 1923) 
Nassef, Edmund S , M S , Ph D Umversity of 
Rochester, 260 Crittenden Blvd , Rochester, 
N Y Associate Professor of Physiology 
(1, 1932, 5, 1940) 

Nafhanson, Ira T , MS, M D hlassachusetts 
General Hospital, Boston Instructor in Surgery, 
Harvard Medical School, Assistant in Surgery, 
Mass General Hospital (1, 1943) 

Nathanson, Morns D , M D 658 S Bonme Brae 
St , Los Angeles, Calif Associate Clinical Pro- 
fessor of Medicine, Unnersity of Southern Cali- 
fornia School of Medicine (3, 1940) 

Necheles, Heinrich, M D , Ph D Michael Reese 
Hospital, Chicago, 111 Director, Dept of 
GaslTo-tnleslinal Physiology, Michael Reese 
Hospital, Professorial Lecturer in Physiology, 
University of Chicago (1, 1929) 

Neill, James RI , Ph D Medical College, Cornell 
University, 1300 York Ave , New York City 
Professor of Bacteriology and Immunology 
(C, 1930) 

Neilson, Charles Hugh A RI , Ph D , M D 
Humboldt Building, St Louis, Mo Associate 
Dean and Professor of Medicine, St Louis 
University Medical School (2, 1906) 

Nelson, Arthur A , M D , Ph D Food and Drug 
Administration, Federal Security Agency, Wash- 
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ington, D C Senior Pathologisl, Division of 
Pharmacology (4, 1912) 

Nelson, Carl Ferdinand, M D , Ph D Depart- 
ment of Biochemistrj^ Univcrsitj’’ of Kansas, 
Lawrence Professor of Physiological Chemis- 
try (2, 1914) 

Nelson, Carl T , A B , M A , M D College of 
Physicians and Surgeons, 030 West IGStli St , 
New Yoik 32, N Y Insli iiclor in Dci malology 
(6, 1943) 

Nelson, Erwin E, PhD, MD Diiig Dimsioii 
F ood & Drug Adinimstralion, Wishinglon 25, 
D C (1, 1923,3,1921) 

Nelson, E M , M S , Ph D Food and Drug 
(T,. Administration, Federal Security Agency, Wash- 
ington 25, D C Chief, Vitamin Division (2, 
1927, 5, 1933) 

Nelson, John B , Ph D Rockefeller Institute for 
Medical Research, Princeton, N J Associate 
Member Technical Civilian Aide in India (1, 
1934) 

Nelson, John M , Ph D Columbia University, 
New York City Professor of Organic Chem- 
istry (2, 1923) 

Nelson, Norton, PhD Childrens Ilospit il Re- 
search Foundation, Elland and Bethesda Ave- 
nues, Cincinnati 29, Ohio Associate, Dept of 
Biological Chemistry, Medical College, Unit’ of 
Cincinnati (2, 1946) 

Nelson, P Mabel, M S , Ph D Iona State 
College, Ames Dean, Division of Home Econom- 
ics (5,1934) 

Nelson, Tell, M A , M D Kula Sanitarium, Wai i- 
koa Maui, Hawaii, T H (6, 1938) 

Nelson, Victor E , M S Iowa State College, 
Ames Professor of Physiological Chemistry 
(2, 1924) 

Nelson, Warren O , M S , Ph D Dept of Anat- 
omy, School of Medicine, Univ of Iona, Iona 
City Professor of Anatomy (1, 1937) 

Neter, Erwin, MD Children’s Hospital, 219 
Bryant St , Buffalo, N Y Attending Bacteriolo- 
gist (G, 1937) 

Nettleship, Anderson, M D Alexander Blain 
Hospital, 2201 Jefferson East, Detroit, Mich 
Director (4, 1942) 

Neuberg, Carl, Ph D , M D (he), Med Chem D 
(h c ), Biol D (he). Dr Eng (h c ), LL D 
530 W 113th St , New York 25, N Y Research 
Professor, New York University, Member or hon 
member of the Academics oj Science oj Copen- 
hagen, Gottingen, Leningrad, Lisbon, Lund, Prag, 
Rome and Upsala (2, 1944) 

Neumann, Charles, M D 525 East OSth Street, 
New York 21, N Y Resident Surgeon, New York 
Hospital, Instructor in Surgery, Cm ncll Univer- 
sity Medical College (1, 1944) 

Nenrath, Hans, Ph D School of Medicine, Duke 


Unn crsiti , Durham, N C A ssociule Projesoor 
of Biochemistry (2,1910,0,1911) 

Nciiwclt, I'rank, MD 501 Broadnnj, Gary, 
Ind Research Associate, Department of Oaslro 
intestinal Research, Michael Reese Hospital 
(1, 1910) 

Nciinirlh, Isaac, PhD 209 E 23rd St, New 
York City Associotc Professor of Pharma- 
cology and Thcrapciities, New Yorl University 
College of Denlftry (2, 1921, 3, 1931) 

Nice, Leonard B , Ph D Chicago Medical School, 
710 S Wolcott Axe , Chicago, 111 Professor of 
Physiology and Pharniaeology (I, 1921) 
Nicholas, John S , M S , Ph D Oaborn Zoological 
Laboratory, Yale University , Non Haven, (3onn 
Bronson Professor of Comparatiic Anatomy 
(1, 1927) 

Nicholson, Ilaiden C, MS, M D Division of 
Medic il S( itnccs, Nifinnal R( se in li f'oiiiuil, 
2101 (’onslifulion Avi , \la‘-hinglon 21, D C 
(1, 1912) 

Nickerson, John L , Ph D Columbia Uni- 
versity, 030 W lOSth St , New York 32, N 1 
Assistant Professor of Physiology (1, 1915) 
Nicolet, Ben H, PhD Bureau of Diiry In- 
dustry, U S Department of Agriculture, Belts' 
villc, Md Senior Chemist (2, 1932) 

Nicoll, Paul A, PhD Indiana University, 
Bloomington Assistant Professor of Physi- 
ology (1, 1915) 

Niemann, Carl G , Ph D California Institute of 
Technology, Pasadcni 4, Cilif Professor, Or- 
ganic Chemistry (2, 1940) 

Nigg, Clara, M A , Ph D c/o E R Squibb A Sons, 
New Brunswick, N J (6, 1929) 

Nims, Leslie F, MA, PhD Yale University 
School of Medicine, 333 Cedar St , New Haven, 
Conn Assistant Professor of Physiology (L 

1940) 

Noble, Robert Laing, M D , Ph D Research 
Institute of Endocrinology, McGill University, 
Montreal, Canada Research Assistant (L 

1941) 

Nord, F F , Ph D Fordham University, Dept ol 
Organic Chemistry, New York City Professor of 
Chemistry (2, 1940) ' 

Norris, Earl R , Ph D University of Washington, 

Seattle Professor of Chemistry (2, 1938) 
Norris, L C , Ph D Rice Hall, Cornell Univer- 
sity, Ithaca, N Y Professor of Nutrition, 
Secretary, School of Nutrition (2, 1939 , 5, 1934) 

Northrop,' J “H , M A , Ph D , Sc D , LL D 
Rockefeller Institute for Medieal Researc i, 
Princeton, N J Member (2, 1938) 

Northup, David W , M A , Ph D West Virginia 
University Medieal School, Morgantown Asso- 
ciate Professor of Physiology (L 1930) 

Novy, F G , M D , Sc D , LL D 721 Forest 
Ave , Ann Arbor, Mieh Dean Emeritus of the 
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IffrficaJ School and Professor Emeritus of Eac- 
ICTwlogij, Unnersity of Michigan, ^[cmbcr, 
National \cadcmy of Sciences (2, 190G) 

N\c, Robert N , M D ^ m\ w , Bostoi\ IS, M »&s , 
l/oiiflotM!/ I dtliir, Arte } nijland Journal of 
]faticinc (C, I'tJt) 

Obcrst.FrcdB , MS, PhD The Win S Mcrrcll 
Co , Lockhnd Station, Cincinnati, 0 Chief, 
Dntswn of liwchcimslry (2, 103G) 

Orhoa, Seicro, M D New A ork Unuiibilj Col 
Icpeof Mcilieino, 477 1 irst Vac, New VoikCify 
10 Prokisor of Pharmacologii (2, lOU) 

Ogden, Eric, MRCS (England), LRCP 
(I/indon) Unncrsilj of Texas School of Mcdi 
cine, GaUcston Professor of Physiology and 
Clinical Physiologist, John Scaly Hospital 
(1. 1041) 

O’Hare, James P, MD 520 Commonwealth 
Vve , Boston, Mass Physician, Peter Bent 
Brigham Hospital, Assistant Professor of 
Medicine, Ilariard Medical School (4, 1927) 
Ohlson, Alargarct A , MS, Ph D Dept of 
Poods and Nutrition, Michigan State College, 
East Lansing Professor and Head, Department 
of Foods and HiitTitioii (5, 1945) 

Okey, Ruth, Ph D 15S3 Life Sciences Bldg , 
Unnersitj of California, Berkeley Professor of 
Home Economics and Diochcmist, State Exp 
Station (2, 1922, 5, 1933) 

Olcott, Harold S , AI S , Ph D Western Regional 
Research Laboratory, U S Department of 
Agriculture, Albany G, Calif Senior Chemist 
(2, 1935) 

Oldham, Helen, AI S , Ph D Univcrsitj of Chi- 
cago, Chicago, 111 Assistant Professor, Dept of 
Home Economics (5, 1946) 

Olitsky, Peter K , M D Rockefeller Institute 
for Medical Research, 66th St and York Ave , 
New York City Member (4, 1923 , 6, 1917) 
Oliver, Jean Redman, M D Hoagland Labora- 
torv, 335 Henry St , Brooklyn, N Y Professor 
of Pathology, Long Island College of Medicine 
(1, 1924 , 4, 1924) 

Oliver, Wade W , M D Hoagland Laboratory, 
335 Henry St , Brooklyn N Y Professor of 
Bacteriology, Long Island College of Medicine 
(4. 1925) 

Olmsted, J M D , hi A , Ph D University of 
California, Berkeley Professor of Physiology 
(1, 1920) 

Olson, Carl, Jr . D V M , Ph D Umv of Ne- 
braska, Lincoln, Nebr Chairman, Dept of Ani- 
MoZ Pathology and Hygiene (4, 1937) 

Opdjke, David P, PhD Western Reserve 
Medical School, Cleveland 6, 0 Senior In- 
siructoi in Physiology (1, 1945) 

Opie, Eugene L , M D , Sc D , LL D Rockefeller 
I^titute for Medical Research, 66th St and 
A^ork Ave , New York 21, N Y Member, Na- 


tional Academy of Sciences (1, 1906 , 4, 1913, 
6, 1923) 

Oppenhcimer, Enid Tribe 12^1 E 61st St , New 
York City Instriiclor in Physiology, Columbia 
University (1,1932) 

Oppenhcimer, Ernst, M D Ciba Pharmaceutical 
Products, Inc , Lafayette Park, Summit, N J 
Vice- President in charge of Medical Research 
(3, 1941) 

Oppenlioimcr, Morion Joseph, Ed M , AI D 
3400 N Broad St , Philadelphia, Pa Associate 
Professor of Physiology, Temple University 
School of Medicine (1, 1942) 

Orcnt-Kcilcs, Elsa, D Sc Bureau of Human Nu- 
trition and Home Economics, U S Department 
of Agriculture, Bcltsvdle, Md In Charge of 
Nutrition Imcstigalions, Assistant Chief, Foods 
and Nutrition Division (2, 1935, 5, 1935) 

Orl, John M , Ph D 101 Codwiso Ave , Now 
Brunswick, N J Director of Research, Carroll 
Dunham Smith Pharmacnl Co (2, 1932) 

Orten, Aline Underhill, MS PhD Wayne 
Umv College of Medumc, Detroit 26, Mich 
Research Associate, Dept of Physiological Chem- 
tslry (5, 1946) 

Orten, James M , M S , Ph D Wayne University 
College of Medicine Detroit Mich Associate 
Professor of Physiological Chemistry (2, 1936 , 
5, 1937) 

Orth, O Sidney, M S , Ph D , M D University 
of Wisconsin Medical School, Madison Associate 
Professor of Pharmacology (1, 1942, 3, 1944) 
Osborne, Stafford L, BPE, MS, PhD 
Northwestern University Medical School, 303 
E Chicago Ave , Chicago, 111 4ssociafc Pro- 
fessor of Physical Therapy (1, 1941) 

Oser, Bernard L , MS, Ph D Food Research 
Laboratories, Inc , 4S 14 Thirtv third St , Long 
Island City' 1, N Y Director (5, 1945) 
Osier, Robert H , Ph D University of Maryland 
Medical School, Greene and Lombard Sts , 
Baltimore Assistant Professor of Physiology 
(1, 1938) 

Osterberg, Arnold E , M S , Ph D Aledical Dept 
Abbott Laboratones, No Chicago, HI Associate 
in Medical Dept (2, 1933) 

Osferhout, Marian I Rockefeller Institute for 
Medical Research, 66th St and York Ave , New 
York City 21 Associate, Division of General 
Physiology (I, 1927) 

Osterhout, W J V , Ph D Rockefeller Institute, 
66th St and York Ave , New York City Mem- 
ber Emeritus of the Institute, Member of the 
National Academy of Sciences (1, 1910) 

Otis, Arthur B , A B , Sc M , Ph D Dept of 
Physiology, Umv of Rochester, Rochester 7, 

N Y Instructor (1, 1946) 
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Overman, Richard R , B A , hi A , Pli D Dejit 
of Physiology, Uinv of Tennessee, hleinphis, 
Tenn Inslmclot (1, 191G) 

Owen, Seward E , M S , Ph D 418 So 20111 Avo , 
Maywood, 111 Major, S E S7i Corps (1, 1038) 
Pace, Donald M , Pli D Dept of Physiology and 
Pharmacology, College of Pharmacy, Universily 
of Nebraska, Lincoln Associate Professor of 
Physiology (1, 1944) 

Pack, George T , hi D 139 E 3Cth St , New 
York City 16 Fellow in Cancer Research, il/c- 
morial Hospital (1, 1924) 

Packchanian, Ardzroony, Ph D School of hlcdicinc, 
University of Texas, Galveston Associate Pro- 
fessor of Bacteriology and Tropical Medicine, 
and Director of Laboratory of Microbiology 
(6, 1943) 

Page, Irvine H , hi D Clcvel vnd Clinic Founda- 
tion, Euclid Avc and 93rd St , Cleveland G, 
0 Diicctor of Research Division (1, 1917, 
2, 1932) 

Painter, Elizabeth E , Ph D Loyola Univ 
School of hledicine, 70G S Wolcott, Chicago 12, 
ni Assistant Profcssoi of Pharmacology (I, 
1941) 

P’An, S Y , h'l D Peiping Union hlcdical Col- 
lege, Peiping, China Assistant in Pharma- 
cology (3, 1941) 

Pangborn, Marj C , Ph D 20 hlorris St , Albany, 
N Y Senior Biochemist, New York Stale 
Department of Health, Division of Laboraloiies 
and Reseaich (2, 1941) 

Pappenheimer, Alwin M , Jr , Ph D New York 
Uiiiv College of hlcdicinc, 477 First Ave , New 
P York IG, N Y Assistant Piofcssor (2, 1911, 
6, 1938) 

Pappenheimer, Alwin hi , hi D 5 Acacia St , 
Cambridge, hlass Professor Emeritus of Path- 
ology, Columbia Universitg (4, 1922) 
Pappenheimer, John R , B S , Ph D llai vard 
hledical School, Boston, hlass Associate in Phys- 
iology (1, 1946) 

Park Edwards A hi D Johns Hopluns Hospital, 
Baltimoie, hid Emeritus Professor of Pediatrics, 
Tohns Hopkins University (4, 1923) 

Parker, George Howard, Sc D 16 Berkeley St , 
Cambridge, hlass Professor of Zoology Emeri- 
tus, Harvard University, Member of the National 
Academy of Sciences (1, 1900) 

Parker, Robert F , hi D Lakeside Hospital, 
2065 Adalbert Rd , Cleveland, 0 Associate 
Professor of Medicine (4, 1942, 6, 1935) 
Parkins, William M , hi A , Ph D School of 
Medicine, University of Pennsylvania, Phila- 
delphia Research Associate, Harrison Depart- 
ment of Surgical Research (1, 1939) 

Parpart, Arthur K , Ph D Guyot Hall, Princeton 
Umversity, Princeton, N J Associate Profes- 
sor of Physiology (1, 1937) 


Parr, Lcland W , Ph D he George Washington 
Univcrsitj School of hlcdicine, 1335 II St , N W 
Washington, D C Professor of Bacteriology 
(4, 1910) 

Parsons, Helen T, hi S , PhD Unucrsity of 
Wisconsin, hladison Professor of Home Econom 
ICS, In Charge of Purnell Research in Nutrition 
(2, 1929, 5, 1933) 

Parsons, Robert J , hi D A1 untda Count} Insti- 
tution, 2701 1 1th \\( , 0 ikland, (’ ilif Patholo- 
gist and Director of Laborntorir'- (4, 1939) 
Paschkis, Karl E , hi D 1025 Walnut St , Phila- 
delphia, Pa Chief of Clinic, rndocrinr Clinic, 
Associate in Physiology, As'^ociati in Medicine, 
Jefferson Medical Colhgc and Hospital (1, 
1912) 

Patterson, Thos L , V hi , hi S , Ph D , Sc D 
(hon ) Wijnc Unncrsitj Colli gc of hlcdicinc, 
1512 St Antoine St , Detroit, hlidi Research 
Professor of Physiology (1, 1920) 

Paul, John R , hi D , A hi 330 Cedar St , New 
Haven, Conn Professor of Prcicntnc Medicine, 
Yale University Medical School (4, 1927, G, 
1937) 

Pearce, John Musscr, hi D Long Island College 
of hlcdicinc, Iloagland Ijaboratorj , 335 Henry 
St, Brooklyn, N Y \ssociatc Professor of 
Pathology (4, 1912) 

Pearce, Louise, hi D Rockefeller Institute for 
hledical Research, Princeton, N I Associate 
Member in Pathology and Bacteriology (3, 
1915,4, 1925) 

Pearc), J Frank, PhD, hi D 171 Park Ue , 
New' York Citj (1, 1928) 

Pcarlman, William Henry, Ph D Jefferson hlcdi- 
cal College, 1025 Walnut St , Philadol]ihia 7, Pa 
Research Associate (2, 1916) 

Pearse, Herman E , hi D School of hlcdicinc 
and Dentistry, University of Rochester, Crit- 
tenden Blvd , Rochester, N Y Associate 
Professor of Surgery (4, 1932) 

Pearson, Paul B , Ph D A & hi College of Texas, 
College Station Professor of Nutrition, Nutri- 
tionist, Agricultural Experiment Station (2, 
1944, 5, 1940) 

Pease, Marshall C , Jr , hi D Branchville Rd , 
R F D 4, Ridgefield, Conn (6, 1920) 
Pemberton, Ralph, hi S , hi D University of 
Pennsylvania, Philadelphia Professor of Medi- 
cine, Graduate School of Medicine (5, 1933) 
Penfield, Wilder G , M D , D Sc hIcGill Uni- 
versity, Montreal, Que , Canada Professor of 
Neurology and Neurosurgery (1, 1932) 
Pennington, Mary Engle, Ph D 233 Broadw'ay, 
New York 7, N Y Consultant in Connection 
with the Handling, Transpoi tation and Storage 
of Perishables (2, 1908) 

Penrod, Kenneth E , B S , Ph D Boston Univ 
School of hledicine. Dept of Physiologj', 80 E 
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Pomerat, Charles hlarc, Ph D Umvcrsily of 
Texas Medical School, Galveston Profator of 
Amloniy (1, 1944) 

Pond, Samuel E , AM, Ph D 400 S IMaiiv St , 
East Ilartfoicl, Conn ConsiiUvig Engineer, P 
and W A Division, Unilcd Aircraft Carp (1> 
1924) 

Ponder, Enc, M D , Sc D The Nassau Hospital, 
Mineola, Long Island, N Y (1,1931) 

Popper, Hans, Ph D , M D Univcrsitj of Illinois 
College of Medicine, 1S25 W Harrison St , 
Chicago Dirccloi of Laboratories and of the II cb- 
toen Institute for Mcdieal licscarch of Cool 
County Hospital (4, 1942) 

Porter, Eugene L, AM, PhD Universitj of 
Texas, Medical Branch, Galveston Professor of 
Physiology (1, 1913) 

Porter, Thelma, PhD Inivcisili of ( Im 
Chicago, 111 Piof and Head of Dcpai tmrnt of 
Home hconoiiiics (5, 1914) 

Porter, William Townsend, M D , Sc D , LL D 
Dover, Mass Professor Emculus of Compara- 
tive Physiology, Harvard University (1, 1S91) 
Poth, Edgar J , M D Univ of Texas Med School 
Galveston, Texas Piofcssor of Surgery (1, 
194G) 

Potter, Truman S , M D S2 N Prospett SI , 
Amherst, Mass (6, 1939) 

Potter, Van Rensselaer, M S , Ph D McArdlo 
Memorial Laboratorj’', University of Wisconsin 
Medical School, Madison \ssociatc Profcssoi of 
Oneology (2, 1941) 

Povitzky, Olga R , M D . D P H 235 E 22nd 
St , New York City Bacteriologist, Bureau of 
Laboratories, New Yorh City Department of 
Health (6, 1920) 

Powell, Horace M , Sc D 5505 Washington 
Blvd , Indianapolis, Ind Bacteriologist, Eh 
Lilly A Co (G, 1934) 

Power, Marschelle H , M S , Ph D Clinic, 

Rochester, Minn Associate Professor of Physi- 
ological Chemistry, Mayo Foundation, Univer- 
sity of Minnesota (2, 1932) 

Pratt, Frederick H , A M , M D Wellesley Hills 
82, Mass Professor of Physiology, Emenius, 
Boston University School of Medicine (1, 1919) 
Pratt, Joseph H , A M , M D Sc D New England 
Medical Center, 25 Bennet St , Boston, Mass 
Physician-in-Chicf, Boston Dispensary, and 
Joseph H Pratt Diagnostic Clime, Professor of 
Clinical Medicine, Tiifis Medical School (1, 
1910 , 3, 1910 , 4, 1927) 

Premier, Paul W , M S , Ph D 4274 Shenandoah 
Ave , St Louis 10, Mo Assistant Professor of 
Biochemistry, Washington University Medical 
School (2, 1931) 

Prinzmetal, Myron, M A , M D 2007 Wilshire 
Blvd , Los Angeles, Calif Instructor in Medi- 


cine and Lecturer in Pliiriolngu, Unuersitg o, 
Southern California Medical School (1, 1911) 
Prosser, C Ladd, Ph D Mi tnlluri,i( al I ilmn 
loiy, Hiii%(rM(\ of Clin igo, ( hit igo, 111 (i 
1931) 

Puchcr, Gtorge 11 , Pli D Connorticut \gn 
cultural lAp( ntnuit Station, Ntv Haven 
Uccarch A'-'-ocintc (2, 1927) 

Piicstow, Charles B , M D , MS, Pli D Lm 
vcrsitj of Illinois, CoIItgt of aafcdicinc, ISL 
W Polk St , Clue ago [s'-istant Profc’isor oj 
Surgrru Lt Col (MC) AOS (I, PHI) 

Pugslej, L( onard T , M St , Pli D Libor iton nl 
Hvgitnc, Dtparlnunl of Aalioiitl Ht iltli nml ' 
llelfare, Otiauii, f'lnat! i Pharmaeolngnt (2, 
1937) 

Qiiackeiihiish, 1 orresi 11 , Pli 1) 2)5 (Viinitilh 

.St , W J^ifavtllt, Inti J'roji-'^nr and Head oJ > 
Dipl of {gni ultiiral Clu i inlrg, Purditi Umr 
(2, 19 1C) 

Queen, I rank B , M D 1 nn of On gon School of 
Medidiif, 11, SJ S 11 M ii([iniii Hill Rd , Pod 
1 uid, Oicgoii ( I, 1911 ) 

Quick, Armand J , M D , Pli D 501 N IStli St 
Milwaukee 3, 11 is Profi sor of Bwchcinidrn 
and Director of Dcparlmnil , Marqiullc Medical 
School (2, 1932, 3. 1917) 

Qiiiglev, J P, MS, I’h D Dijit of J’lnriiia ,i 
colog}, Univ of Tcnii , Memphis 5, 'Ifiin 
fessorand Chief of tie Diiiston of Physiology and 
Pharmacology {1,1920,3,1915) T 

Qmnbj, William Carter, M D Peter Bent BaS 
ham Hospital, Boston, Mass Clinical Professor 
of Gcmto-urinary Surgery, Ilariard Medical ,1 
School (1, 191G) 

Quinn, Edmond John, Pli D lOG N Lee Avc, 
Rockville Center, Long Island, N Y Medic 
inal Sales Division, Mcrch A Co , Inc , Pahrai, 

N J (2, 1927, 5, 1933) 

Rabinowitch, I M , OB F , D Sc , M D , C^i ' 
FRCP, F VCP 1020 iMcdu,al \rts ItWt' 
Sheibiooke and Guy Sts , IMontreal 25, Caiavh ^ 
Associate Piofcssor of Medicine and Lecturer 
Mcdieal J ttristn udcncc and Toxicologu, McGiH C 
University, Dircctoi , Department of Mclaboleunt 
Monti cal Genet al Hospital (2, 1928 , 5, 1933) ^ 

Rackemann, Francis M , M D 263 Beacon St , 
Boston, Mass Physician, Massachusetts Gen 
eral Hospital, Lecturer in Medicine, Hanari ^ 
Medical School (6, 1923) 

Raffel, Sidney, Sc D , AI D Department of 
Bacteriology and Experimental Pathology , Stm 
ford University, Calif Assistant Professor 
(6, 1938) I 

Rahn, Hermann, Ph D University of Rochester , 
School of Medicine and Dentistry^ Rochester, h 
Y Instructor in Physiology (1, 1944) 

Rake, Geoffrey W , M B , M R C S , L R C P 
Division of Microbiology, The Squibb Institnt® 
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for Medical Research, New Brunswick, N J 
Head, Diimon of MKrobiologij (6, 1939) 
Itakeslraw, Norris W , AM, Ph D Brown 
hnwersitj, Providence, R I Professor of 
Chemistry (2, 1925) 

Kakictcn, Nathan, Ph D Clicphn Laboratories, 
Inc , P 0 Bov C57, S\ racusc 2, N Y Phar- 
macologist and Toxicologist (1, lOil) 

Ralli, Elaine P , M D 477 First Ave , New York 
City Associate Professor of Medicine, New 
Yorl Vnucrsity College of jifedicinc (I, 1934, 
5, 1933) 

Rammclkamp, Charles H , 3r , B A , M D Dept 
of Preventive Medicine, Western Reserve Umv , 
Cleveland G, Ohio Assistant Professor of Medi- 
cine (G, 1943) 

R*nisey, Robert Weberg, M S , Ph D Medical 
College of Virginia, Richmond Associate Pro- 
fessor of Physiology and Pharmacology (1, 
1939) 

Randall, Lowell O , Ph D Burroughs Wellcome 
Co , Tuckahoo, N Y Pharmacologist (2, 1939) 
Randall, Walter C , M S , Ph D St Louis Uni- 
versitj , School of Medicine, 1402 S Grand Blvd , 
St Louis, Mo Instructor in Physiology (1,1943) 
Randall, William A , B S , M S , Ph D Food and 
Drug Administration, Washington 25, D C 
Bacteriologist, Division of Penicillin Control and 
Immunology (6, 1946) 

Rane, Leo, Ph D Lederle Laboratones, Inc , 
Pearl River, N Y Department Head, Normal 
Blood Plasma (6, 1942) 

Rantz, Lowell A , A B , M D Stanford Univ 
Hospital, San Francisco 15, Calif Assistant Pro- 
fessor of Medicine (3, 1946) 

Rapoport, Samuel, M D , Ph D The Children’s 
Hospital Research Foundation, Elland and 
Bethesda, Cincinnati, O Research Associate 
(2. 1941) 

R*Pport, David, M D 416 Huntington Ave , 
Boston, Mass Professor of Physiology, Tufts 
College Medical School (1, 1922) 

R*snins8en, Andrew Theodore, Ph D Univer- 
sity of Minnesota Medical School, Minneapolis 
Professor of Neurology (1,1919) 

Batner, Bret, M D 50 E 78th St , New York 
Dity Professor of Pediatrics, New York Umv 
College of Medicine (4, 1940, G, 1928) 

Batner, Sarah, Ph D Dept of Pharmacology, 
^ Y Univ College of Medicine, 477 First Ave , 
New York 16, N Y (2, 1944) 

Raulston, B O , A B , M D 200 S Hudson Ave , 
Los Angeles, Calif Professor of Medicine, Direc- 
tor of Clinical Teaching, and Associate Dean, the 
Unnerstly of Southern California, School of 
Medicine (3, 1942) 

^dln, I S , M D University of Pennsylvania 
whool of Medicine, Philadelphia John Rea 
arlon Professor of Surgery, Chief Surgeon, 


Hospital of the University of Pennsylvania (1, 
1930, 4, 1030) 

Raymond, Albert L , Ph D G D Searlc & Co , 
P 0 Bov 6110, Chicago SO, III Director of Re- 
search (2, 1932) 

Rcback, John F , B S , M S 317 E Dubail Ave , 
South Bend 14, Ind Bacteriologist, 4th General 
Hospital, A U S (G, 1943) 

Rcdficld, Alfred C , Ph D Woods Hole, Mass 
Professor of Physiology, Harvard University 
(I, 1019) 

Reed, Carlos Isaac, A M , Ph D College of 
Medicine, University of Illinois, 1853 W Polk 
St , Chicago Professor of Physiology (1, 
1923) 

Rccd, Howard S , Ph D 3048 Life Sciences 
Bldg , University of California, Berkeley 
Professor of Plant Physiology (2, 1909) 

Rehm, Warren S , Jr , Ph D , M D University 
of Louisville School of Medicine, Louisville, Ky 
Assistant Professor of Physiology (1, 1945) 
Reid, Marion Adelaide, A M , Ph D 80 E 
Concord St , Boston, Mass Instructor in 
Physiology, Boston Universily (1, 1941) 
Reimann, Hobart A , M D Jefferson Hospital, 
Philadelphia, Pa Professor of Medicine, Jef- 
ferson Medical College (4, 1933) 

Reimann, Stanley P , M D , Sc D 703 W Phil- 
Ellena St , Mount Airy , Philadelphia, Pa 
Director of the Research Institute of the Lankenatt 
Hospital, Director, Institute of Cancer Research 
Associate Professor of Surgical Pathology, 
Graduate School of Medicine, University of 
Pennsylvania, Professor of Oncology, Hahne- 
mann Medical College and Hospital, Philadel- 
phia (I, 1921 , 4, 1924) 

Reiner, Laszlo, M D , Ph D 165 Franklin St , 
Bloomfield, N J Research Department, IVallace 
A. Tiernan Company (2, 1942 , 6, 1933) 
Reinhold, John G , MS, Ph D Philadelphia 
General Hospital, 34th St and Curie Ave , 
Philadelphia, Pa Princxpal Biochemist, In- 
structor in Physiological Chemistry, University of 
Pennsylvania (2, 1936) 

Remington, John W , M S , Ph D University of 
Georgia, School of Medicine, Augusta Assistant 
Professor of Physiology (1, 1943) 

Remington, Roe E , M A , Ph D , D Sc Hender- 
sonville, N C Consultant (2, 1930 , 5, 1934) 
Renfrew, Alice G , Ph D Mellon Institute of 
Industnal Research, University of Pittsburgh, 
Pittsburgh, Pa Fellow, Department of Research 
in Pure Chemistry (2, 1939) 

Renshaw, Birdsey, M A , Ph D Oberlm College, 
Oberlin, O Assistant Professor of Physiology 
(1. 1941) 

Reynolds, Chapman, M D Louisiana State Uni- 
versity, School of Medicine, New Orleans Assist- 
ant Professor of Pharmacology (3, 1937) 
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Reynolds, Samuel R M , Ph D 4028 Dui)\\ood 
Rd , Baltimore 18, Md Caincgic Inshtuhon of 
Washington, Major, ALS (1, 1032) 

ReznikolT, Paul, MD Ncu \ork Ilospilnl, 525 
E 68th St , XcM York City Associate Pro- 
fessor of Clinical Medicine, Cornell Unixcrsily 
Medical College (1, 1027) 

Rhoads, Cornelius Packard, M D Memorial 
Hospital, 444 E 68th St , Nei\ York City 
Director, Professor of Pathology, CoincH Vni- 
versilij Medical College, Diiector of Sloan-Krt- 
tenng Insliliit-' foi Cancer Reseat eh (4,1930) 
Rhoads, Jonathan Evans, B A , M D , D Sc 1023 
Pine St , Philadelphia 4, Pa [ssislant Professor 
of Surgical Research (1, 1946) 

Rice, Christine E , M A \iiimal Diseases Research 
Inst , Canadian Dept of Vgriculture, Hull, 
Quebec, Canada Assistant Bactcriologisl (6, 
1938) 

Rice, James C , A M , Ph D Unuersily of Mis- 
sissippi,? 0 Box 475, University Professor of 
Pharmacology (3, 1941) 

Rich, Arnold Rice, M D Johns lopkins Hos- 
pital, Baltimore, Md Piofcssoi of Pathotogy, 
Johns HopLins Lnnersity (4, 1924) 

Richards, Alfred N , A M , Ph D , Sc D , M D 
(hon), LL D University of Pennsylvania 
Medical School, Philadelpliia Professor of 
Phai macology and Vicc-Picsidcnl in Charge of 
Medical Affairs, Meinhei , National Academy of 
Sciences (1, 1900, 2, 1906, 3, 1909) 

Richards, Oscar W ,M A ,Ph D American Opti- 
cal Co , Scientific Instrument Division, Box A 
Buffalo 15, N Y Reseat eh Biologist (1,1934) 
Richards, Richard Kohn, D Abbott Labora- 
tories, North Chicago, 111 Duector, Pharma- 
cologic Research (1, 1938) 

Richardson, Authur P , IM D Squibb Institute for 
Medical Research, New Brunswick, N J Head, 
Division of Pharmacology (3, 1939) 
Richardson, Luther R , Ph D P 0 Box 102, Col- 
lege Station, Texas (5, 1942) 

Richter, Curt P , Ph D Phipps Psychiatric 
Clinic, The Johns Hopkins Hospital, Baltimore, 
Md Associate Professor of Psycho-biology, 
Johns Hoplins University (1, 1924) 

Richter, Maurice N , M D 303 E 20th St , 
New York City^ Professor of Pathology, Col- 
umbia UniversiUj, Ncn York Post-Graduate 
Medical School, Director, Department of Path- 
ology, New Yoik Post-Graduate Medical School 
and Hospital (4, 1931) 

Ricketts, Henry T , M D Dept of Medicine, 
University of Chicago, Chicago, 111 Associate 
Professor of Medicine (1, 1940) 

Riddle, Oscar, Ph D Cold Spring Harbor, L I , 
N Y Visiting Professor from the U S (in 
South America), Member of the National Acad- 
emy of Sciences (1, 1919) 


Ricgcl, Byron, AM, PhD Department of 
Clicmistry, Northwestern University, Evanston, 
111 Associate Professor (2,1912) 

Riegcl, Cecilia, M S , Ph D Room 563, Uni- 
versity Hospital, Pliiladclphia, Pa Research 
Associate, Department of Research Surgery, 
University of Pcnnsyliania School of Medicine 
(2, 1038) 

Ries, Ford A , M D S2> E list St , Baltimore, 
Md Instructor in Ncurologi/, lohns Hoplins 
Unncrsity (1, 1033) 

Rigdon, R H , M D Univ of Arkansas School 
of Medicine, Little Rock Professor of Path- 
ology (t, 1011) 

Riggs, Lloyd K, PhD % Kraft Cheese Co, 
500 Peshtigo Court, Chicago, 111 Director of 
Research (2, 1929) 

Rinehart, James F , M D University of Cali- 
fornia Medical School, Parnassus and Third 
Aves , San Francisco Professor of Pathology 
(4, 1933) 

Ring, Gordon C , M V , Ph D Physiology Dept , 
Ohio State Univ , Columbus (1, 1933) 

Rioch, David McKenzie, MD Chestnut Lodge 
Sanitarium, 500 W Montgomery Vve , Rock- 
ville, Md Director of Research (1, 1931) 
Rittenbcrg, David, Ph D 630 ICSth St , 
New York City Assistant Professor, College of 
Physicians and Surgeons, Columbia University 
(2, 1939) 

Ritzman, E G , A M , Science (hon ) Univer- 
sity of New Hampshire, Durham Research 
Professor (5, 1933) 

Rivers, T M , M D , Sc D The Hospital of the 
Rockefeller Institute for Medical Research, 
66th St and York Ave , New York City Direc- 
tor of the Hospital, Member of the National 
Academy of Sciences (4, 1925, G, 1921) 

Robb, Jane Sands, Sc D , M D College of Medi 
cine, Syracuse University, 761 Irving Ave , 
Syracuse, N Y Associate Professor of Phar- 
macology (1, 1924) 

Robbins, Benjamin How ard, M S , M D Vander- 
bilt Univ School of Medicine, Nashville, Tenn 
Associate Professor of Pharmacology (3> 1936) 
Robbins, Mary L , BA, M A , Ph D George 
Washington Univ School of Medicine, 1335 H 
Street, N W , Washington 5, D C Instructor m 
Bacteriology (6, 1946) 

Roberts, Edward F , M D , Ph D Wyeth, Inc 
1600 Arch St , Philadelphia 3, Pa Director of 
Clinical Investigation (6, 1932) 

Roberts, Lydia J , Ph D University of Chicago, 
Chicago, 111 Professor and Chairman of DO' 
partment of Home Economics (5, 1933) 
Roberts, Sidney, SB, MS, Ph D Worcester 
Foundation for Experimental Biology, Shrews 
bury. Mass Research Associate (1, 1946) 
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Robcrfson, Elizabeth Chant, M D , M A , Ph D 
Universitj of Toronto, Toronto, Canada Re- 
search FcUow tn Pacdtalrtcs (5, 1939) 
Robertson, Oswald H , M D University of 
Chicago, Chicago, 111 Professor of Medicine 
(4, 1932) 

Robinson, Charles Summers, Ph D Medical 
School, Vanderbilt University, Nashville, Tenn 
Professor of Btochenmlnj (2, 1925) 

Robinson, Elliott S , B A , M D , Ph D R F D 
)if4, Laconia, N H Director, Division of Biologic 
Laboratories, Mass Dept of Health (Leave of 
Absence) (G, 1935) 

Robinson, G Canby, M D , Sc D , LL D Johns 
Hopkins Hospital, Baltimore, Md Lecturer m 
Medicine, Johns Hopkins University (1, 1912, 
3, 1921) 

Robinson, Harry 3 , Ph D Merck Institute for 
Therapeutic Research, Rahway, N J Assistant 
Director (3, 1946) 

Robinson, Howard W , MS, Ph D Broad and 
Ontario Sts , Philadelphia, Pa Professor of 
Physiological Chemistry, Temple University 
School of Medicine (2, 1929) 

Robinson, Sid, Ph D Indiana University Medical 
School, Bloomington Associate Professor of 
Physiology (1, 1941) 

Roblm, Richard O , Jr , M A , Ph D 1937 West 
Mam St , Stamford, Conn Director, Chemo- 
therapy Division, American Cyanainid Co (2, 
1946) 

Robscheit-Robbins, F S , Ph D University of 
Rochester School of Medicine and Dentistry, 
Rochester, N Y Associate tn Pathology (1, 
1925,4, 1930) 

Rodbard, Simon, Ph D Cardiovascular Dept , 
Michael Reese Hospital, 29th and Ellis Aves , 
Chicago, 111 ( 1 , 1942) 

Roe, Joseph Hyram, M A , Ph D George Wash- 
ington University School of Medicine, Wash- 
ington, D C Professor of Biochemistry 
(2, 1927,5, 1933) 

Roeder, Kenneth D , M A Tufts College, Med- 
ford, Mass Associate Professor of Biology 
(1, 1942) 

Roepke, Martin Henry, Ph D University Farm, 
St Paul, Minn Professor, Veterinary Medt- 
cine (3, 1937) 

Rogers, Charles G , A M , Ph D , Sc D Oberlin 
College, Oberlin, 0 Professor of Comparative 
Physiology ( 1 , IQH) 

Rogers. Fred T, AM, PhD, MD Dallas 
Medical and Surgical Clinic, 4105 Li\e Oak St , 
Dallas 1, Texas (1,1917) 

Rogoff, Julius M , Ph G , M D , Sc D School of 
Medicine, University of Pittsburgh, Pittsburgh, 
a Professor of Endocrinology (1, 1916, 
3, 1916) 


5m 

Ronzoni, Ethel, M A , Ph D Washington Uni- 
versity Medical School, St Louis 4, Mo Assisl- 
ant Professor of Biological Chemistry (2, 1923) 
Root, Howard F , M D 44 Dwight St , Brookline, 
Mass Instructor tn Medicine, Harvard Medical 
School (5, 1933) 

Boot, Walter S , Ph D College of Physicians and 
Surgeons, Columbia University, 630 W 168th 
St , New York City Associate Professor of 
Physiology (1, 1932) 

Rosahn, Paul D , M D 92 Grand St , New Bntam, 
Conn Pathologist, New Britain General Hos- 
pital, Assistant Clinical Professor of Pathology, 
Yale University School of Medicine, New Haven 
(4, 1934) 

Rose, Anton Richard, MS, Ph D Box 176, 
Edgewater, X J Retired (2,1916,5, 1933) 
Rose, William C , Ph D University of Hhnois, 
Urbana Professor of Btochemislrij Member, 
National Academy of Sciences (2, 1912, 5, 1933) 
Rosenblueth, Arturo, M D Instituto Nacional de 
Cardiologia, Calzada de la Piedad 300, Mexico 
D F , Mexico (1, 1932) 

Rosenfeld, Morris, M D Johns Hopkins School 
of Medicine, Baltimore, Md Associate tn- 
Pharmacology and Experimental Therapeutics 
Captain, M C (3, 1934) 

Rosenow, Edward C , M D , hon LL D and D So 
Research Dept , Longview State Hospital, Cin- 
cinnati 16, Ohio (4,1913,6,1915) 

Rosenthal, Otto, M D 4422 Osage Ave , Phila- 
delphia!, Pa Associate tn Cancer Research, Har- 
rison Dept of Surgical Research and Dept of 
Physiol Chein , Univ of Pennsylvania (2, 
1946) 

Rosenthal, Sanford M M D National Institute 
of Health, Bethesda, Md Senior Pharmacologist, 
U S Public Health Service (3 1925) 

Rosenthal, S R , M D , Ph D University of 
Hlinoia College of Medicine, Chicago As- 
sislant Professor of Bacteriology and Public 
Health tn Dept of Pathology and Bacteriology, 
Director, Tice Laboratory for BCG Vaccina- 
tion against Tuberculosis, Municipal Tubercu- 
losis Sanatorium (4, 1941) 

Ross, Joseph F , M D The Robert Dawson Exans 
Memonal, 65 E Newton St , Boston, Mass 
Member of ike Department, Physician, Massa- 
chusetts Memorial Hospital, Associate Professor 
of Medicine, Boston University School of Medi- 
cine, Welch Fellow of Internal Medicine of the 
Division of Medical Sciences of the National 
Research Council (4, 1941) 

Ross, William F , Ph D Shell Oil Companv, 
100 Bush St , San Francisco, Calif Chief Re- 
search Chemist (2, 1940) 

Rostorfer, Howard Hayes, BA, MS, Ph D 
Department of Phx siology , Indiana Unix ersity , 
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Bloomington, Indiana Assislanl Profcs’sor of 
Physxoloqy (1, 1946) 

Roth, George B , M D George Waslnnglon Uinv 
3814 Tea St , N W , Washington 7, D C Emeri- 
tus Prof cssor of Pharmacology (1, 1014,3, 1011) 

Roth, Grace M , MS, Pli D Mayo Clinic, 
Rochester, Minn Associate in Clinical Physi- 
ology (1, 1939) 

Rothemund, Paul W K , Dipl -Ing , Dr -Ing 
(Munich) Antioch College, Yellow Springs, 
0 Associate Professor of Biochemistry, and 
Research Chemist, The C F Kettering Founda- 
tion, Antioeh College, Associate Professor 
(Non-resident), Department of Chemistry, Ohio 
State University (2, 1940) 

Rous, Peyton, M D , Sc D Rockefeller Institute 
for Medical Research, York Ave at CGth St , 
New" York City Member, Member of the Na- 
tional Academy of Sciences (4, 1913) 

Routh, Joseph I , MS, Ph D Chemistry De- 
partment, State University of Iowa, Iowa 
City Assistant Professor of Biochemistry (2, 
1942) 

Rovenstme, Emerj Andrew, A B , M D 477 First 
Ave , New York, N Y Professor of Anesthesia, 
New York University, Director, Division of 
Anesthesia, Bellevue Hospital (3, 1944) 

Rowntree, Jennie I , M S , Ph D University of 
Washington, Seattle Professor of Home Eco- 
nomics (5, 1933) 

Rowntree, L G,MD,ScD,FACP The 
Touraine, 1520 Spruce St , Philadelphia, Pa 
Director, Philadelphia Institute for Medical 
Research, Colonel, Medical Reserve, Research 
Clinician, Philadelphia General Hospital, Chief, 
Medical Division, Selective Service, National 
Headquarters,Washington, D C (1,1911,2,1910, 
3, 1908, 4, prior to 1920) 

Rubenstem, Boris B , Ph D , M D Dept of 
Metabolic & Endocrine Research, Michael Reese 
Hospital, East 59th St & Ellis Ave , Chicago, HI 
(1, 1934) 

Rubin, Morton A , Ph D 3732 Gunston Rd , Alex- 
andria, Va Captain, Signal Corps, Office of the 
Chief Signal Officer, Military Personnel Division, 
Washington, D C (1, 1940) 

Ruch, Theodore C , M A , Ph D Yale University 
School of Medicine, New Haven, Conn As- 
sistant Professor of Physiology (1, 1933) 

Rusch, Harold Paul, M D University of Wis- 
consin Medical School, McArdle Memorial 
Laboratory, Madison 6 Professor of Oncology 
(4, 1940) 

Russell, Walter C , Ph D New Jersey Agricul- 
tural Experiment Station and Rutgers Univer- 
sity, New Brunswick Biochemist in Nutrition 
and Professor of Agricultural Biochemistry 
(2, 1932, 5, 1933) 

Ryan, Andrew Howard, M D Chicago Medical 


School, 710 S Wolcott A\c , Chicago, HI Asso 
ciatc Professor of Physiology and Pharmacology 
(1, 1912) 

Rytand, Daiid A , M D Stanford Univ Hospital, 
San I'raiitisco 15, Calif Assistant Professor of 
Medicine, Stanford him School of Medicine 
(3, 1016) 

Sabin, Florence R , M D , Sc D 1333 E 10th 
\\c , Dcn\cr 3, Colo Member Lmcrilus, Rocfc- 
fellcr Inst , Member of National Academy of 
Sciences (1, 1923) 

Sachs, Ernest, M D 97 Arundel PI , St Louis, 
Mo Professor Lmcrilus of Clinical Neurological 
Surgery, Washington hniicrsily Medical School 
(1. 1910) 

Sacks, Jacob, Ph D , M D Endo Products, Inc , 
84—10, 101st St , Richmond Ilill, N Y Pharma- 
cologist (3, 1933) 

Sah, Peter, P T , M S , Ph D Division of Phar- 
macologv and Experimental Therapeutics, Unn 
of Calif Medical School, San Francisco, Calif 
Lecturer in Pharmacology (3, 1941) 

Sahyun, Mchille, A M ,Ph D Frederick Steams 
A Co , 6533 E Jefferson St , Detroit, Mich 
Picc President and Director of Research (2, 
1932) 

Salmon, W D , A M Alabama Polytechnic 
Institute, Auburn Animal Nutritionist (2, 
1929, 5, 1933) 

Salter, William T , B \. , M D Yale School of 
Medicine, 333 Cedar St , New Haven, Conn Pro- 
fessor of Pharmacology (1, 1933, 3, 1942, 5, 

1934) 

Sammis, Florence E , M D 136 E 5Sth St , 
New York City Phy sician. Allergy", 0 P D , 
New York Hospital (6, 1943) 

Sampson, John J , M D Baxter General Hos- 
pital, Spokane, Wash Major M C (1, 1932) 

Sampson, Myra M , A M , Ph D Smith College, 
Northampton, Mass Professor of Zoology (5, 

1935) 

Samuels, Leo T , Ph D University of Utah Medi- 
cal School, Salt Lake City Professor and Head 
of Dept of Biochemistry (2, 1941, 3, 1937) 

Sandels, Margaret R , AM, Ph D Florida 
State College for Women, Tallahassee Dean of 
School of Home Economics, Professor of Nutri- 
tion (5, 1933) 

Sandiford, Irene, Ph D Billings Hospital, Uni- 
versity of Chicago, Chicago, HI Assistant 
Professor of Medicine (2, 1925 , 5, 1933) 

Sandow, Alexander, Ph D Washington Square 
College, New York University, New York 3, 
N Y Assistant Professor of Biology (L 
1945) 

Sandweiss, David J , M D 9739 Dexter Ave , 
Detroit, Mich Instructor in Clinical Medicine, 
Wayne University Colleoe of Medicine, Physi- 
cian, Harper Hospital (OPD), Attending Physi- 
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ctan Gastroenterology and Gastroscopy, North 
End Community Fund Clinic (1, 1944) 

Sanford, Arthur H , A M , M D Clinical Labora- 
tories, Ma 3 o Clinic, Rochester, Minn Head, 
Division of Clinical Laboratories (G, 1920) 
Santos, Francisco O , M S , Ph D University of 
the Philippines, Los Banos, Laguna Professor 
and Head of Department of Agricultural Chemis- 
try, College of Agriculture (5, 1936) 

Saphir, Otto, MD Michael Reese Hospital, 
29th St and Ellis Ave , Chicago 16, HI Path- 
ologist, Michael Reese Hospital, Professor of 
Pathology, University of Illinois Medical School 
(4, 1927) 

Sappington, Samuel W , M D , D Sc P O Bo\ 81, 
Biyn Mawr, Pa Professor of Pathology, Hahne- 
mann Hospital (G, 1913) 

Sarett, Herbert P , iM S , Ph D Tulane Medical 
School, 1430 Tulane Ave , New Orleans 13, La 
Assistant Professor of Bwchemistry, Tulane 
(2, 1946) 

Saslow, George, Ph D , M D Department of 
Neuropsj chiatry, Washington Universitj Medi- 
cal School, 640 ^uth Itingshighway, St Louis, 
Mo Assistant Professor of Psychiatry Associate 
Physician to the Student Health Service (1, 
1936) 

Satterfield, G Howard, A M State College of 
Agnculture and Engineering, Umversity of 
North Carolina, Raleigh Professor of Biochem- 
istry (2, 1944 , 5, 1941) 

Saul, Leon Joseph, hi A , M D Three Walls 
Farm, Ridlej Creek Rd , Media, Pa (1, 1933) 
Saunders, Felix, Ph D 231 Playa del Sur, La 
Jolla, Cahf (2, 1938) 

Sawyer, Margaret E MacKay, M A , Ph D 142 
Lower Albert St , Kingston, Ontano, Canada 
(1, 1935) 

Sawyer, IVilbur A , M D 3927 Idaho Ave , N W , 
Washington, D C Director of Health, United 
Nations Relief and Rehabilitation Administra- 
tion (4, 1930, 6, 1935) 

Saxton, John A , Jr , M D Snodgrass Laboratory 
of Pathology and Bacteriology, 1426 Carroll St , 
St Louis, Mo Assistant Professor of Pathology, 
Washington University School of Medicine, 
Medical Director, Pathology, Hospital Division, 
City of St Louis (4,1944) 

Scanunon, Richard E , M A , Ph D 172 S E 
^dford St , Minneapolis, hLnn Distinguished 
srvice Professor in the Graduate School, Uni- 
lastly of Minnesota (1, 1923) 

Otto, D Sc Ochsner Clinic, Prytania and 
me Sts ,New Orleans, La Director of Chemical 
Mearch, Ochsner Foundation, Director of the 
o ,'°^^amical Laboratory, Ochsner Clinic (2,1944) 
^Charles, Frederick H , M D 4228 Alton Place, 
W NYashington 16, D C (5, 1935) 


Schattenberg, Herbert John, M S , M D Bureau 
of Laboratories, Medical and Surgical Memorial 
Hospital, 215 Camden St , San Antonio, Texas 
Director (4, 1940) 

Schenken, John R , M D Umv of Nebraska Col- 
lege of Medicine, Omaha, Neb , Associate Pro- 
fessor of Pathology and Bacteriology (4, 1942) 

Scherp, Henry W , M S , Ph D Univ of Roches- 
ter School of Medicine and Dentistry, 260 Crit- 
tenden Blvd , Rochester 7, N Y Associate Pro- 
fessor of Bacteriology and Immunology (G, 

1940) 

Schick, Bela, M D 17 E 84th St , New York 
City Pediatrician, Ml Sinai Hospital, Sea View 
Hospital (6, 1924) 

Schiffrin, Milton J , M S , Ph D Captain, Alti- 
tude Training Section, WWAAB, Walla Walla, 
WasA (1,1943) 

Schlenk, Fritz, Ph D University of Texas , M D 
Anderson Hospital of Cancer Research, Houston 
Biochemist (2, 1942) 

Schlesinger, M J , Ph D , M D Beth Israel 
Hospital, 330 Brookline Ave , Boston, Mass 
Assistant Professor of Pathology, Harvard Medi- 
cal School, Director of Patholony, Beth Israel 
Hospital (4,1942,6,1921) 

SchlomoTitz, Benjamin H , M D 1210 Majestic 
Bldg , 231 W Wisconsin Ave , Milwaukee, Wis 
Director, Clinical and Research Laboratory, 
Veterans Administration Hospital, Wood, TFis- 
constn (1, 1919) 

Schlumberger, Hans G , M D Pathologist, City 
Hospital, Cleveland, Ohio Assistant Professor in 
Pathology, Western Reserve Univ School of Medi- 
cine (4, 1945) 

Schmeisser, Harry C , M D University of 
Tennessee, Memphis Professor of Pathology 
(4, 1937) 

Schmidt, Carl F , M D Medical School, Uni- 
versity of Pennsylvama, Philadelphia Pro 
fessor of Pharmacology (1, 1929, 3, 1924) 

Schmidt, C Robert, Ph D , M D Hertzler 
Clinic, Halstead, Kan Resident Surgeon Major 
(MC) A U S (1, 1940) 

Schmidt, Gerhard, M D Boston Dispensary, 
25 Bennett St , Boston, Mass Senior Research 
Fellow, Tufts College Medical School (2, 1939) 

Schmidt, Leon H , M S , Ph D Christ Hospital, 
Institute for Medical Research, Cincinnati, O 
Director of Research, Assistant Professor of 
Biological Chemistry, College of Medicine, Uni- 
lersity of Cincinnati (2, 1936, 3, 1946) 

Schmitt, Francis Otto, Ph D Dept of Bio’ogy 
and Public Health, Massachusetts Institute of 
Technology, Cambridge Professor of Biology 
(1 1930) 

Schnedorf, Jerome G , AI D , Ph D 801 Simp- 
son St , Evanston, HI Captain, JR C (1, 

1941) 
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Schneider, Edward C , PJi D , Sc D , M P E 25 
Gordon Place, Middletown, Conn Umvcrsilv 
Professor Emcrthis, Wesleyan Untversily (J, 
1912, 2, 1912) 

Schneierson, S Stanlc>,MD Mount Snmi Hos- 
pital, 2 East 100th St , New York 29, N Y 'Isso- 
ciafc Baclcriologisl (G, 194G) 

Schoenbach, Emanuel B , M D Johns Hopkins 
School of Hygiene, 615 N Wolfe St , Baltimore, 
Md Assoeiate Professor of Preventive Medicine 
(G, 1941) 

Schoepfle, Gordon M , AM, Ph D Washington 
University, School of Medicine, St Louis Mo 
Assistant Professor of Physiology (1, 1943) 
Schradieck, Constant E , M D S25 Oialkstonc 
Ave , Providence, R I Director, Pathological 
Department, Homeopathic Hospital of Rhode 
Island {6, 1921) 

Schreiner, Oswald, M S , Ph D Bureau of Plant 
Industry, U S Department of Agriculture, 
Washington 25, D C Chief, Division of Soil 
Fertility Investigations (2, 1908) 

Schroeder, EF,MS,PhD GD Searle & 
Co , P 0 Box 5110, Chicago SO, 111 Research 
Biochemist (2, 1938) 

Schuck, Cecelia, Ph D Purdue University, 
Lafayette, Ind Professor of Nutrition, De- 
partment of Home Economics (5, 1941) 

Schultz, Edwin William, M D 743 Cooksey Lane, 
Stanford University, Calif Professor of Bac- 
teriology and Experimental Pathology (4, 1927, 
6, 1928) 

Schultz, Mark P , A M , M D National Institute 
of Health, Bethesda, Md Surgeon, Xl S Public 
Health Service (6, 1933) 

Schultz, W H , Ph D 3102 18th St , N W , Wash- 
ington, D C Professor of Pharmacology, Emeri- 
tus, University of Maryland (1, 1907, 3, 1909) 
Schultze, Max O , Ph D Division of Agricultural 
Biochemistry, Univ of Minnesota, St Paul S, 
Minn Professor (2, 1938) 

Schwartze, Erich W , M D 1225 Talbert St , 
S E , Washington, D C (3, 1920) 

Schweizer, Malvina, Ph D Washington Square 
College of Arts and Sciences, New' York Uni- 
versity, New York, N Y Instructor in Biology 
(1, 1944) 

Scott, Charles Covert, Ph D , M D The Lilly 
Research Laboratories, Eh Lilly and Company, 
Indianapolis 6, Ind Pharmacologist (3, 1945) 
Scott, David Alymer, M A , Ph D Connaught 
Laboratories, University of Toronto, Toronto 
5, Ontario, Canada Research Member (2, 1935) 
Scott, Ernest L , Ph D 64 South St , Bogota, 
N J Associate Professor of Physiology, Emeri- 
tus, Columbia University (1, 1914, 2, 1915) 
Scott, Frederick Hughes, Ph D , Sc D , MB 
University of Minnesota, Minneapolis Profes- 
sor of Physiology, Emeritus (1, 1908, 2, 1909) 


Scott, John C , PJi D Hahnemann Medicaf 
College, Philadelphia, Pa Professor of Physi- 
ology and Head of the Department (1, 1936) 
Scott, R W , A M , M D City Hospital, Cleve- 
land, 0 Professor of Clinical Medicine, II cst- 
ern Reserve University, Physician-in-chiefy 
Cleveland City Hospital (1, 1917, 3, 1917) 
Scott, V Brown, Ph D , M D Inlow Clinic, Shcl 
byville, Ind Internist, Diitsion of Medicine. 
(1, 1911) 

Scott, ^\ J Merle, M D University of Roches- 
ter Medical School, Rochester, N Y Asso- 
ciate Professor of Surgery (4, 1925) 

Scott, M , M D Brady Urological Inst , TIic^ 
Johns Hopkins Hosiutal, Baltimore 5, Md (1, 
1013) 

Scudt, John Vincent, Ph D Dept of Pharnia- 
cologv, College of Pliysieians and Surgeons, 
Coluinhii Univ , 630 West ]6Sth St , New lork 
32, N 'll (2. 1042, 5, 1945) 

Senger, Lloyd D , M S , M D Woman's Medical 
College of Pennsylvania, East Falls, Phila- 
delphia Professor of Pharmacology and Toxicol- 
ogy (3, 1939) 

Sealock, Robert R , Ph D Iowa State College, 
Amos Associate Professor of Chemistry (2, 
1940, 5, 1941) 

Seastone, C V , Jr , M D University of Wis- 
consin Medical School, Madison Professor of 
Medical Bacteriology (6, 1939) 

Sebrell, W H , Jr , M D National Institute of 
Health, Bethesda, Md Chief, Dtiision of 
Physiology (2, 1938 , 5, 1937) 

Seecof, David P , IVI D 1970 Daly Ave , Bronx, 
New York City (4, 1927) 

Seegal, David, IM D Welfare Island, New York 
City Director, Research and Clinical Service, 
First Division, Goldivatcr Memorial Hospital," 
Associate Professor of Medicine, Columbia 
University (6, 1930) 

Seegers, Waller H , Ph D Wavne University 
College of Medicine, Detroit 26, Mich Asso- 
ciate Professor (2, 1941) 

Seevers, Maurice Harrison, Ph D , M D. 
University of IMichigan School of Medicine, Ann 
Arbor Professor of Pharmacology and Chair- 
man of the Department (1, 1933, 3, 1930) 

Segal off, Albert, IM D Alton Ochsner Medical 
Foundation, 3503 Prytania St , New Orleans, La 
Director of Endocrine Research (4, 1946) 
Seibert, Florence B , Ph D , Sc D , LL D Henry 
Plupps Institute, University' of Pennsylvania, 
7th and Lombard Sts , Philadelphia Asso 
ciate Professor of Biochemistry (2, 1925) 
Seidell, Atherton, M S , Ph D 2301 Connecticut 
Ave , Washington, D C Special Exper , 
National Institute of Health (2, 1924) , » ^ 

Seifter, Joseph, M D Wyeth Institute of Applied 
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Biocliemistrj , Philadelphia, Pa Chtcf Pharmacol- 
ogist (3, 1940) 

Seifter, Sam, M S , Ph D 350 Henn St , Brook- 
hn2, X Y Usisianl Professor of Biochemistry, 
Long Island College of Medicine (2, 1946) 
Selkurt, Em aid E , Ph D School of Medicine, 
Western Resene Um^erslt^, Clei eland G, 0 
Senior Inslriictor in Physiology (1, 1945) 

Selle, M liber Arthur, PhD Medical School, 
Unuersitj of Texas, Gahcstoii Professor of 
Physiology (1, 1938) 

Selye, Hans, M D , Ph D , D Sc , F R S (c ) 
Inst of Expenniental Medicine and Surgerj 
Um\ of Montreal, IMontreal, Canada Professor 
and Director (1, 1934) 

Sendroy, Julius, Jr , hi A , Ph D Mercy Hospi- 
tal, 2537 Praine Ave , Chicago, 111 Professor of 
Chemistry and Chairman of the Department of 
Experimental Medicine, Loyola Unuersiiy School 
of Medicine (2, 1928) 

Sevag, M G , Ph D Department of Bacteri- 
ology, Umxersity of Pennsylvania School of 
Medicine, Philadelphia Assistant Professor of 
Biochemistry in Bacteriology (G, 1941) 
Sevringhaus, Elmer L , hi 4. , M D Hoffman-La 
Roche, Inc , Nutley 10, X J Director of Clinical 
Research, Consultant in Endocrinology, New 
lor; bniv Med School (2,1923,5 1939) 

Shaffer, hlorris F , D Phil Department of Pathol- 
ogy and Bacteriology, School of hledicine, Tulane 
Lmversity of Louisiana, X'ew Orleans Associate 
Professor (4, 1939 , 6, 1937) 

Shaffer, Philip A , Ph D Washington University 
Medical School, St Louis 4, hlo Distinguished 
Service Professor of Biological Chemistry, Mem- 
ier National Academy o] Sciences (1, 1906, 2, 
1906, 5, 1935) 

Shanes, Abraham M , hi S , Ph D 1045 \nderson 
Ave , Bronx 52, N Y Assistant Professor of 
Physiology (1, 1946) 

Shannon, James A , Ph D , hi D Squibb Insti- 
tute for Medical Research, New Brunswick, X J 
Director, Squibb Institute for Medical Research 
(1. 1933 , 3, 1945) 

Shapiro, Herbert, Ph D Box 63, Edgenood, hid 
(1, 1937) 

Sharpless, George R , hi S , Sc D RD S2, Box 
160 XcM York, X Y Associate in Nutrition 
Research (5, 1942) 

Shaw, Myrtle, hi S , Ph D 11 S Lake Ave , 
Albany, N Y Senior Bacteriologist, Division 
of Laboratories and Research, New York State 
Department of Health (6, 1937) 
uy, Harry , hi D Samuel S Fels Fund, hledieal 
‘ loMer, Philadelphia, Penna Director, Medical 
Besearch Laboratory (1, 1944) 


Shear, Murray, J , Ph D National Cancer In- 
stitute, Bethesda, hid Principal Biochemist 
(2, 1930) 

Sheard, Charles, A M , Ph D hlayo Foundation, 
Rochester, hlinn Chief of the Division of 
Physics and Biophysical Research and Professor 
of Physiological Optics and Biophysics, Univer- 
sity of Minnesota (1, 1925) 

Sheehan, Donal, M D , D Sc New York Uni- 
versity College of hledicine. First Ave , New 
York City Professor of Anatomy and Director 
of Anatomical Laboratories (1, 1938) 

Shelley, W^alter Brown, Ph D 1214 Perkins St , 
Chester, Pa Research Staff (1, 1946) 

Shemin, David, A hi , Ph D Columbia University, 
College of Physicians and Surgeons, 630 W 168th 
St , Xew York City Assistant Professor of Bio- 
chemistry (2, 1944) 

Sheppard, Fay, M S University of Oklahoma 
hledical School, Oklahoma City Instructor in 
Biochemistry (2, 1936) 

Sherman, Henry C , A hi , Ph D , Sc D Colum- 
bia University, New York City Mitchell Pro- 
fessor Emeritus of Chemistry, Member, National 
Academy of Sciences (1, 1923, 2,1906, 5, 1933) 
Sherwm, Carl Paxson, Sc D , hi D , Dr P H , 
LL D 6 Carstensen Rd , Scarsdale, X’’ Y 
Director of Metabolic Service, St Vincent’s 
Hospital, Associate Physician, French Hospital 
(1, 1919, 2, 1917) 

Sherwood, Noble P , Ph D , M D 1801 Indiana 
St , Lawrence, Kan Professor of Bacteriology, 
University of Kansas (6, 1928) 

Sherwood, Thomas Cecil, hi A , PhD, 1824 
Robert St , New Orleans, La (1, 1938) 

Shettles, Landrum B , Ph D , hi D 2827 Guil- 
ford Ave , Baltimore 18, hid Medical Officer, 
U S Army (1, 1946) 

Shideman, Frederick E , BA, Ph D Dept of 
Pharmacology , University of hLchigan, Ann 
Arbor Instructor of Pharmacology (3, 1944) 
Shunkin, Michael Boris, hi D US Public 
Health Service, National Cancer Institute, 
Bethesda, hid Surgeon (4, 1940) 

Shipley, Reginald A , M D Western Reserve 
University School of hledicine, Cleveland 6, O 
Assistant Professor of Medicine (1, 1945) 
Shipley, Robert E , hi D Lilly Laboratory for 
Clinical Research, Indianapolis City Hospital, 
Indianapolis, Ind (1, 1945) 

Shlaer, Simon, hi A , Ph D Columbia Univer- 
sity, New York City Research Associate in 
Biophysics (1, 1938) 

Shock, Nathan W Ph D Umt on Gerontology , 
U S Public Health Service, Baltimore City 
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Hospitals, Baltimore, Md Semor Psycho- 
physiologtst, U S Public Health Service, Na- 
tional Institute of Health, Bethesda, Md (1, 
1942) 

Shoemaker, Harold A , M S , Pli D University 
of Oklahoma School of Medicine, 801 E 13th St , 
Oklahoma City Assistant Dean, Professor of 
Pharmacology (3, 1941) 

Shope, Richard E , M D Department of Animal 
and Plant Pathology, The Rockefeller Institute, 
Princeton, N J Member (4, 1934) 

Shorr, Ephraim, B A , hi D The Non hoik Hos 
pital, 525 East GStli St , New York Citj .ts'toci- 
ate Profcssoi of Medicine, Cornell I'nitcrsily 
Medical College, Assistant Attending Pht/stcian, 
The A'cw York Hospital (1, 1031 , 3. 1942) 
Shwartzman, Gregory, M D 230 E 60th St , 
New York City Head of Department of Bac- 
teriology, Mount Sinai Hospital, Clinical Pro- 
fessor of Bacteriology, Columbia University 
(4, 1929 , 6, 1930) 

Sichel, F J M , Sc M , Ph D College of Medi- 
cine, University of Vermont, Burlington Asso- 
ciate Professor of Physiology (1, 1939) 

Sickles, Grace M , B A 2201 Twelfth St , Troy, 
N Y Associate Bacteriologist, Division of 
Laboratories and Research, New York Slate 
Department of Health (6, 1932) 

Sickles, Gretchen R , A B Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany, N Y Assistant 
Bacteriologist (6, 1937) 

Siebenmann, Charles O , Ch E , D Eng Con- 
naught Medical Research Laboratories, Umv of 
Toronto, Toronto 5, Ontario, Canada Research 
Associate (3, 1946) 

Sieberf, Walter J , M D DePaul Hospital, St 
Louis 13, Mo Director of Laboratories and 
Pathologist of DePaul and Lutheran Hospitals, 
St Louis, and of Si Joseph Hospital, Alton, III , 
St Elizabeth’s Hospital, Belleville, III , St 
Francis Hospital, Washington, Mo (4, 1932) 
Silberberg, Martin, M D Snodgras Laboratory of 
Pathology, City Hospital, 1430 Carrol St , St 
Louis 4, Mo Instructor m Pathology, Wash- 
ington University, School of Medicine (4, 
1944) 

Silberberg, Ruth, MD Jewish Hospital, St 
Louis, Mo Instructor in Pathology, Washington 
University Medical School (4, 1944) 

Silvette, Herbert, MS, Ph D University of 
Virgima Medical School, University Acting 
Head of Pharmacology (1, 1933, 3, 1940) 
Simon, Frank A , M D 332 West Broadw’ay, 
Louisville, Ky (6, 1934) 

Simonds, James P , Ph D , M D Northwestern 
University Medical School, 234 E Pearson St , 


Cliungo 2, III Lnuntim Professor of Pathology 
(4, prior to 1920) 

Simonson, Ernst, M D c/o Lalxirntory of Plijsi- 
ologiral Hygiene, Stadium South Tower, 'Uni- 
versity of Minnesota, Minneapolis 11 Associate 
Professor of Physiological Hygiene and of Physi- 
ology (1, 1911) 

Simpson, Minnm E , M \ , Pli D , M D Div of 
Inntoiiu , Lniv of f'alif , Ilcrkdei, Calif Pro- 
fessor of \natomy (1,1910) 

Sinclair, Robert Gordon. PhD, P R S C- 
Queen's Unnersity, Kingston, Ont , Canada 
Professor of Biochemistry (2, 1931) 

Sizer, Irwin 3V„ Ph D hlassachusctts Institute of 
Technology , Cambridge Associate Professor of 
Physiology (1, 1914) 

Skinner, John Taylor, M S , Ph D c/o The 
Grajict to Co , Camden, \rkansas Clue/ Chemist 
(2, 1940) 

Slaughter, Donald, M D Uni\ of South Dakota, 
Vermillion, S D Dean (3, 193S) 

Slonnker, James R , Ph D 334 Kingsley Aae, 
Palo Alto, Calif Professor of Physiology, 
Lcland Stanford Junior University (1, 1917) 

Smndel, Joseph Edwin, MD Hospital of The 
Rockefeller Institute for Medical Research, 
COthSt and York V\e , Now York, N Y Associ- 
ate J/emher, el ss/ Physician, Rockefeller Hospi- 
tal (4, 1940, G, 1937) 

Small, James C , M D 133 S 36th St , Phil- 
adelphia, Pa Instructor in Medicine, Grad- 
uate School of Medicine, University of Penn- 
sylvania (4, 1927) 

Smetana, Hans F , M D Army Institute of Pa- 
thology', 7th St , and Independence Aie , Wash- 
ington 25, D C (4, 1934) 

Smith, Arthur H , M S , Ph D Wayne Univer- 
sity College of Medicine, Detroit26, Mich Poo- 
fessor of Physiological Chemistry (1, 1923? 
2, 1921 , 5, 1933) 

Smith, Austin Edward, M D , C M , M Sc (Med )- 
American Medical Association, 535 N Dearborn 
St , Chicago, 111 Acting Secretary of the Couneif 
on Pharmacy and Chemistry, American Medical 
Association, Research Associate (Instructor} 
Dept of Pharmacology, University of Chicago 
(3. 1942) 

Smith, Clarence A, MS, PhD Standard 
Brands, Inc , 595 Madisoh Ave , New York City- 
Technical Director, Special Products Depart 
ment (1, 1921) _ 

Smith, David T Duke Hospital, Durham, N 0- 
(5, 1943) 

Smith, Dietrich Conrad, A M , Ph D University 
of Maryland School of Medicine, Lombar an 
Greene Sts , Baltimore Associate Professor o} ^ 
Physiology (1, 1937) 
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Smllh, Elinor Van Dorn, Ph D 5 Middle St , 
Hadlej, Mass Associalc Professor of Bacicn- 
ology, Smilh College (6, 1940) 

Smith, Elizabeth R B , Pli D c/o Dr Paul K 
Smith, 1335 H St , FT W , AAaslUngtoii 5, D C 
(2, 193S) 

Smith, Emil L , Pli D School of Medicine, Univ 
of Utah, Salt Lake Citv 1, Utah Issociatc Pro- 
fessor, Biochemistry and Physiology (2, 1946) 
Smith, Erma A , M A , Ph D , M D Infirrnary, 
East Campus, Duke Unn crsita , Durham, N C 
(1, 192S) 

Smith, Fred M , M D State University of Iowa, 
Iowa Citj Professor of the Theory and Practice 
of Medicine and Head of the Department (1, 
1925) 

Smith, George H , M A , Ph D , M A (hon ), 
ScD School of Medicine, Yale University, 
Kew Haven, Conn Professor of Immunology 
ond Assistant Dean, Chairman, Department of 
Bacteriology, Yale University (6, 1918) 

Smith. H P , M S , M D Columbia Umv , Coll 
of Phjsicians and Surgeons, 630 Best lOSth St , 
Rew "iork 32, X Y Delaficld Professor of 
Pathology (1, 1937, 4, 1925) 

Smith, Homer W , M S (hon ), Sc D 477 First 
Ave , Ivew York City Professor of Physiology, 
A CIO York. University College of Medicine, 
ilfcmbcr, National Academy of Sciences (1, 
1923 , 2, 1930) 

Smith, Lawrence B'eld, M D 745 Fifth A\e , 
AewIork22, X Y (4, 1927) 

Smith, Lee Irvin, A M , Ph D School of Chemis- 
try, University of ALnnesota, Minneapolis 
Professor and Chief, Division of Organic Chem- 
(2, 1942) 

Smith, Margaret Cammack, A M , Ph D El Eti- 
canto Estates, Tucson, Arizona (2, 1935 , 5, 1933) 
Smith, Maurice I , M D National Institute of 
Health, Betbesda, Md Principal Pharmacolo- 
P'»t , U S Pnhlic Health Service (1, 1920, 
3, 1916) 

Smith, Paul K , Ph D George Washington Univ 
School of Medicmt, 1335 H St ,SW, Washing- 
ton 5, D C Professor of Pharmacology (2 1937 , 
3. 1937) 

Smith, Paul W , M S , Ph D School of Medicine, 
Pmversitj of Oklahoma, 801 E 13th St , OUa- 
oma City Assistant Professor of Pharma- 
(1, 1933) 

Smith, Phihp Edward, M S , Ph D 630 W 168th 
t , New Aork City Professor of Anatomy, 
; olumbia University, Memher of the National 
t Academy of Sciences (1, 1923) 

'^'th, Ralph G , M D , Ph D Tulane University , 


Station 20, New Orleans, La Professor of Phar- 
macology (3, 1929) 

Smith, K Blackwell, Jr , B S , hi S , Ph D Medi- 
cal College of Virginia, Richmond 19, A'’a 
Lecturer in Pharmacology (3, 1944) 

Smith, Sedgwick E , Ph D Dept Animal Hus- 
bandly, Cornell University, Ithaca, N Y Ani- 
mal Physiologist (5, 1945) 

Smith, Susan Gower, M A Duke University, 
Durham, N C Associate, Department of Medi- 
cine and Nutrition, School of Medicine (5, 1939) 
Smith, Sybil L , A M Principal E^penment Sta- 
tion Administrator, Office of E\periment Sta- 
tions, U S D A , Washington, D C (5, 1940) 
Smith, Wilbur Kenneth, M D University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y Asso- 
ciate Professor of Anatomy (1, 1939) 

Smith, Willie W , M A , Ph D 4710 Edgmoor 
Lane, Betbesda, Md Associate Physiologist, Na- 
tional Institute of Health (1, 1941) 

Smithburn, Kenneth C , M D Yellow Fever Re- 
search Institute, P O Bov 49, Entebee, Uganda, 
British East Africa Staff Member, Interna- 
tional Health Division of The Rockefeller Foun- 
dation (6, 1937) 

Smolens, Joseph, B S Wy eth Research Inst , 
900 N Broad St , Philadelphia, Pa Head, Dept 
of Immunology (6, 1943) 

Smythe, C V , M S , Ph D 5000 Richmond St 
Philadelphia, Pa Head of Btochemisiry, Rohm & 
Haas Company (2, 1934) 

Snell, Albert M , M D Mayo Clime, Rochester, 
Minn Head of Section on Medicine at Mayo 
Clinic, Professor in Medicine, Mayo Foundation 
Graduate School, University of Minnesota 
(4, 1930) 

Snell, Esmond E , M A , Ph D Univ ersity of 
Wisconsin, Madison 6 Associate Professor of 
Biochemistry (2, 1942, 5, 1946) 

Sny der, Charles D , M S , Ph D Baltimore 10, 
Md Professor Emenius of Experimental Physi- 
ology, Johns Hopkins Univ (1, 1907) 

Snyder, Franklin Faust, M D Boston Lying-In 
Hospital, Boston, Mass (1, 1936) 

Sobel, Albert E , Ch E , M A , Ph D Jewish 
Hospital of Brooklyn, Prospect Place and Classon 
Ave , Brooklyn, N Y Director of Chemical 
Laborafones, Lecturer in Biochemistry, Graduate 
Division, Broollyn College, Lecturer in “Blood 
Chemistry", Hunter College, Lecturer in Chemis- 
try, Polytechnic Institute of Brooklyn (2, 1939) 
Sobotka, Harry H , Ph D Mount Sinai Hospital, 
Fifth Ave and 100th St , New York City 
Head, Department of Chemistry (2, 1932 , 5, 
1933) 

Solandt, Donald Young, M A , M D , Ph D Urn- 
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versity of Toronto, Toronto, Ont , Cnnndn 
Assoctale Professor of Physiology, Head of the 
Department of Physiological Hygiene (1, 193V) 
Soley, Maj o H , M D University of California 
Medical School, The Medical Center, San Fran- 
cisco Associate Professor of Medicine and 
Assistant Dean (1, 1943) 

Sollmann, Torald, M D Sc D , LL D School of 
Medicine, Western Reserve University, 2109 
Adelbert Rd , Cleveland, 0 Dean and Professor 
of Pharmacology and Materia Mcdica, Emcritiis 
(1, 1902, 2, 190G, 3, 190S) 

Solotoro\skj, Morris, Major, M S 203 W 5th St , 
Plainfield, N J (6, 194G) 

Somogyi, Michael, Ph D 216 S KingshighwaJ , 
St Louis, Mo Biochemist, Jewish Hospital 
of Si Louis (2, 1927) 

Soskin, Samuel, M D , M A , Ph D Michael 
Reese Hospital, Chicago, 111 Director of Meta- 
bolic and Endocrine Research, Professoral Lec- 
turer in Physiology, University of Chicago 
(1, 1930, 5. 1933) 

Soule, Malcolm H , Sc D , LL D University of 
Michigan, Ann Arbor Professor of Bacteriol- 
ogy, and Chairman of the Department of Baeleri- 
ology (4, 1927, 6, 1925) 

Spam, Will C , M D , F A C P IIG E 53rd St , 
Nev York City Clinical Professor of Medicine, 
Post-Graduate Medical School, Columbia Uni- 
versity (6, 1923) 

Spealman, C R , M A , Ph D Dept of Phj siologa 
Univ of Pennsylvania School of Medicine, Phila- 
delphia, Pa (1, 1940) 

Specht, Heinz, Ph D National Institute of 
Health, Rockville Pike, Bethesda, Md Asso- 
ciate Research Physiologist (1, 1941) 

Sperry, Roger W , Ph D Dept of Anatomy, Uni- 
versity of Chicago, Chicago 37, III (1, 1945) 
Sperry, Warren M , M S , Ph D 722 W 168th St , 
New York City Principal Research Biochemist, 
New Yorh State Psychiatric Institute and Hos- 
pital, Associate Professor of Biological Chemis- 
try, College of Physicians and Surgeons, Columbia 
University (2, 1929 , 5, 1933) 

Spiegel, Ernest A , M D Temple University 
School of Medicine, Broad and Ontario Sts , 
Philadelphia, Pa Professor of Experimental 
Neurology (1, 1936) 

Spiegel-Adolf, Mona, M D Temple University 
School of Medicine, Broad St at Ontario Ave , 
Philadelphia, Pa Professor and Head of De- 
partment of Colloid Chemistry (2, 1933) 
Spiegelman, Sol, Ph D Washington Univ School 
of Medicine, St Louis, Mo Instructor in Bacteri- 
ology (1, 1946) 

Spies, Tom D , M D Feb -Nov Hillman Hos- 
pital, Birmingham, Ala Nov -Feb General 
Hospital, Cincinnati, O Associate Professor 
of Medicine, Univ of Cincinnati College of 


Medicine Visiting Professor of Medical Re 
search, Univ of Alabama School of Medicine 
Professor of Medical Rc'carch, Univ of Texas 
School of Medicine Director, Nutrition Clime, 
Hillman Hospital, Birmingham, Ala (3, 1941, 
4, 1910, 5, 193S) 

Spink, M cslc) W , M D University of Minnesota 
Hospital, Itlinnr aiKilib Professor of Medicine, 
Vnitcrsitt/ of Minnesota Mcdieal School (3, 
1910, 4, 1910, 6, 1910) 

Spohn, Adelaide, M S , Ph D Elizabeth McCor- 
mick Memorial Fund, 848 N Dearborn St, 
Chicago, 111 (5, 1933) 

Spoor, Herbert J , Ph D 152nd St and S9th 
A\c , Jamaica, N Y Mary Immaculate Hos- 
pital, Internship (1, 1945) 

Spronl, Bdilh E , M D Dept of Pathology , Amcr- 
icaii Unn of Beirut, Beirut, Ivcbanon Professor 
of Pathology (1, 1911) 

Sprunl, Dougins H , M D , M S Univ of Tennes- 
see, Memphis Professor of Pathology (4, 1934, 
G, 1936) 

Stndie, William C , M D 821 Maloney Clinic, 
36th and Spruce Sts , Philadelphia, Pa Pro- 
fessor of Research Medicine, Unucrsily of Penn- 
sylvania (2, 1922) 

Stainsbj, Wendell J , M D , CM Geisinger 
Memorial Hospital, Danville, Pa Chief Physi- 
cian (C, 1930) 

Stanley, Wendell M , M S , Ph D , Sc D Rocke- 
feller Institute for Medical Research, Pnneeton, 
N J Member, Member, National Academy of 
Sciences (2, 1936) 

Stnnnard, James Newell, Ph D Industrial Hy- 
giene Research Lab , National Institute of 
Health, U S Public Health Service, Bethesda 
14, Md Senior Pharmacologist (1, 193S) 

Stare, Frederick J , Ph D , hi D 695 Huntingdon 
Ave , Boston 15, hlass Associate Professor of 
Nutrition, Harvard Medical School and Harrar 
School of Public Health (2, 1937, 5, 1942) 

Starr, Isaac, B S , hi D 817 hlaloney Clinic, Hos- 
pital of the Universitj of Pcnns 3 hflnia, Phi a- 
delphia Dean of the Schoolof Medicine, Professor 
of Therapeutic Research (1, 1929 , 3, 1942) 

Stavraky, George W\ hi D , C hi , M Sc Medi- 
cal School, University of Western Ontario, 
London, Ont , Canada Associate Professor of 
Physiology (1, 1937 , 3, 1944) 

Stead, Eugene A , Jr , hi D Emory University 
hledical School, Atlanta, Ga Professor of 
Medicine (1, 1945) 

Stearns, Genevieve, Ph D College of Medicine, 
State University of Iowa, Iowa City Researc 
Professor of Pediatrics (2, 1932, 5, 1937) 

Steel, Matthew, PhD Long Island C^lege o 
Medicine, 350 Henry St , Brooklyn, N Y 
fessor of Biological Chemistry (2, 1909) 



ALPHABETICAL LIST OF ALL MEMBEES OF THE SIX SOCIETIES 


527 


Steele, J Rlutta's, M D Welfare Hospital, Wel- 
fare Island, Hew York, Citj Associate Pro- 
fmor of Medicine, New Yorl University, 
Dtrcctor Srd (New York University) Medical 
Dnision of Welfare Hospital (1, 1936) 
Sfeenbock, Harry, MS, Ph D , Sc D Unn er- 

sily of Wisconsin, Madison Professor of Bio- 
chmisiry (2, 1912, 5, 1933) 

Slcggetda, F K , M A , Ph D 416 Natural His- 
tory Building, University of Illinois, Urbana 
Assisfanl Professor of Physiology (1, 1934) 
Slehle, Raymond Louis, A M , Ph D Faculty of 
Medicine, McGill University, Montreal, Canada 
Professor of Pharmacology (2, 1920, 3, 1922) 
Steigmann, Frederick, M S , M D 348 S Hamlin 
Ave , Chicago, HI Associate in Medicine, Col- 
lege of ilfcdictnc. University of Illinois, Asso- 
ciate Attending Physician, Coo! County Hos- 
pital (3, 1942) 

Sleiman, S E , M A , Ph D M D 1874 Coni- 
monvrealth Ai e ,Bnghton Mass issistant Phy- 
sician, Metropolitan Stale Hospital, Waltham, 
Mass (1, 1939) 

Stem, William Honard, PhD The Rockefeller 
Institute for Medical Research, 66th and York 
Ale , Nen A'ork 21, N Y Associate in Chemis- 
iry (2, 1940) 

Steinbach, H Burr, M A , Ph D Washington 
bniversitj , St Louis, Mo Associate Professor 
of Zoology (1,1934) 

Steinberg, Bernhard, M D Toledo Hospital Insti- 
tute of Medical Research, Toledo, 0 Director of 
the Toledo Hospital Institute of Medical Re- 
search, Director of Clinical and Morbid Patholog- 
ical Laboratories, The Toledo Hospital, Surgeon, 
C SP H (inactive) (4, 1928) 

Steiner, Paul E , M T) The Xfniversity of Chi- 
esge, Chicago, HI Associate Professor of Path- 
(4, 1939) 

, Stemhardt, Jacinto, AM, Ph D 1548 East- 
Best Highnaj, Silver Spring, Md Director of 
Research, Project 6397, Mass Institute of Tcch- 
’’ofogt) (2, 1939) 

Steinhaus, Arthur H , MS, Ph D , M P E 
®15 Dreiel Ave , Chicago, HI Professor of 
Physiology^ George TFitliams College, Hyde 
Po^> (1, 1928) 

Stckol, Jakob A , M A , D Sc Amino Products 
Lin^ion, Rossford, O Principal Research Chem- 
’sf (2, 1936) 

®kni, Kurt G , Ph D 85 Livingston St , Brooklyn, 
^ I Lecturer in Chemistry, Polytechnic In- 
shlutc (2, I93S) 

^'“ffen, DeWitt, Jr , M D , Ph D 630 W 16Sth 
, Kew York City Assistant Professor of Bio- 
chemistry, College of Physicians and Surgeons, 
Columbia Lniicrsity (2, 1944) 

SkTciis,S Smith, PhD Emerson Hall, Hannrd 


University, Cambridge, Mass Assistant Pro 
fessor of Psychology (1, 1937) 

Stewart, Fred W , M D Memonal Hospital, 
444 E 6Stb St , New York City Pathologist, 
Associate Professor of Surgical Pathology, Cor- 
nell Medical School, Pathologist, New York 
State Department of Public Health, Division of 
Laboratories and Research (4, 1928) 

Stewart, Harold L , M D The National Cancer 
Institute, Bethesda, Md Senior Pathologist 
(4, 1936) 

Stewart, Winifred Bayard, M D , M A 2028 
Delancey St , Philadelphia, Pa Professor of 
Neurology, Woman's Medical College of Penn- 
sylvania (1, 1941) 

Stickney, J Clifford, MS, Ph D West Virginia 
University School of Medicine, Morgantown 
Assistant Professor of Physiology (1, 1944) 
Stiebehng, Hazel K , M A , Ph D United States 
Department of Agriculture, Washington, D C 
Chief, Bureau of Human \iitritton and Home 
Economics (5, 1933) 

Stier, Theodore J B , Ph D Indiana University 
Medical School, Bloomington Associate Pro- 
fessor of Physiology (1, 1938) 

Still, Eugene U , Ph D % Strong Cobb & Co , 
2654 Lisbon Rd , Cleveland, 0 (1, 1929) 

Stillman, Ernest G , M D 45 E 75th St , New 
York City (G, 1930) 

Stockton, Andrew Benton, M D Barracks Dis- 
pensan% U S Naval Supply Depot, Oakland, 
Calif Assistant Clinical Professor of Medicine, 
Stanford Medical School, Commander, (M C ) 
US NR (3,1931) 

Stokstad, E L Robert, Ph D Lederle Labora- 
tories, Pearl River, N Y Research Chemist 
(5, 1942) 

Stoland, O O , M S , Ph D 1845 Leamard Ave , 
Lawrence, Kan Professor of Physiology and 
Pharmacology, University of Kansas (1, 1913) 
Stone, William B , Ph D Department of 
Surgery , Way ne Umversity College of Medicine, 
Detroit 26, Mich Research Assoaate mth rank 
of Instructor (1, 1945) 

Stormont, Robert T , Ph D , M D Medical Divi- 
sion, Food and Drug Administration, Washing- 
ton, D C (3,1941) 

Stotz, Elmer H , Ph D New York State Agricul- 
tural Experiment Station, Cornell University 
Geneia,N Y Prof essor of Agricultural and Bio- 
logical Chemistry, Cornell Umversity (2, 1939) 
Stoughton, Roger W , jM S , Ph D Malhnckrodt 
Chemical Works, 3600 N Second St , St Louis, 
Mo Research Chemist (3, 1939) 

Strong, Frank M , M A , Ph D Department of 
Biochemistry , University of Wisconsin , Madison 
Associate Professor of Biochemistry (2, 1941) 
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Struck, Harold Carl, Ph D Dept, of Pharma- 
cology, Temple Univ School of Medicine, Broad 
and Ontario Sts , Philadelphia, Pa (1, 1010) 
Stuart, Charles A , M Sc , Ph D 372 Lloyd Avc , 
Providence, R I Associate Professor of Biol- 
ogy, Brown University (G, 1935) 

Sturgis, Cyrus Cressey, M D Simpson Memorial 
Institute, Ann Arbor, Mich Director, Thomas 
Henry Simpson Memorial Institute for Medical 
Research, Chairman, Department of Medicine, 
University Hospital, and Professor of Medicine, 
University of Michigan (4, 1927) 

Stutzman, Jake W , Ph D Dept of Physiology , 
Univ of Wisconsin, Aladison 6, Wis Assistant 
Professor of Physiology (1, 1946) 

SubbaRow, Y , Ph D Lederle Laboratories, Pearl 
River, N Y" (2, 1939) 

Sugg, John Y , Ph D Cornell University Medical 
College, 1300 York Ave , Non Y'ork City 
Associate Professor of Bacteriology and Im- 
munology (6, 1938) 

Sulkin, S Edward, Ph D Soutlinestcrn IMcdical 
Foundation, Dallas, Te\as Profcssoi of Bacteri- 
ology and Immunology (6, 1944) 

Sullivan, Michael Xavier, Ph D Chemo-Medical 
Research Institute, Georgetonn University, 
37th & 0 Sts , N W , Washington, D C Director 
and Research Professor of Chemistry (2, 1909) 
Sulzberger, Marion B , M D 9G2 Park Ave , Non 
York 28, N Y' Associate Clinical Professor of 
Dermatology and Syphilology , N Y Post-Gradu- 
ate Medical School of Columbia Univ , Assoc 
Director, Skin and Cancer Unit of N F Post- 
Graduate Hospital (6, 1936) 

Summerson, William H , M A , Ph D Cornell 
University Medical College, 1300 York Ave , 
Nen York City Associate Pi of essor of Biochem- 
istry (2, 1942) 

Sumner, James Batcheller, AM, Ph D Dairy 
Building, Ithaca, N Y Professor of Biochem- 
istry, Cornell University (2, 1919) 

Sumwalt, Margaret, M S , Ph D Medical School, 
University of Pennsylvania, Philadelphia (1, 
1934) 

Sunderman, F William, M D , Ph D University 
of Pennsylvama, Philadelphia Assistant Pro- 
fessor of Research Medicine (2, 1931) 
Sundstroem, Edward S , M D University of 
California, Berkeley Professor of Biochemistry 
(2, 1919) 

Sure, Barnett, M S , Ph D University of Arkan- 
sas, Fayetteville Head of Department and 
Professor of Agricultural Chemistry (2, 1923, 
5, 1933) 

Sutherland, George F , CM, M D , M Sc 
Crile General Hospital, Cleveland, 0 Major 
M C (1, 1939) 

Sutton, T Scott, M Sc , Ph D Ohio State Uni- 
versity, Columbus Professor, Ohio State Uni- 


versity, Assoeiatc, Ohio Agricultural Bxperment 
Station, Dirretnr, Institute of A iitrit ton and Food 
Teehnolnqy (5, 1930) 

Siirbcly, Joseph L, PhD Industrial Hygiene 
Rescartli Haboralori, National Institute of 
Ilcaltli, Bclhcsda 1 1, Md Pharmacologist (3, 
1915) 

Snnin, Robert E, MS, PhD, LLD 634 
Mirada A\c , Stanford University, Calif Pro 
fessor Emeritus of Chemistry (2, 1909) 

Snann, Ilonard G , M S , Ph D Dept of Phar 
macology, University of Texas Medical School, 
Galveston Assistant Professor of Physiology 
Captain, Aero Medical Laboratory, Wright Field, 
Dayton, 0 (1,1910) 

Swanson, Pearl P , M S , Ph D Iowa State Col- 
lege, Ames Professor of Foods and Nutrition, 
Dept of Foods and Nutrition (5, 1933) 
Swanson, William W , M S , M D 2370 E 71st 
St , Chicago, 111 [ssistant Professor of Pcdi 
atrics, A orthiLCstcrn Vniicrsity (2, 1938) 
Sweeney, H Morrow, MS, PhD School of 
Medical Sciences, Unncrsity' of South Dakota, 
Vermillion Professor of Physiology and Phar- 
macology and Head of the Department (1, 1939) 
Sweet, J E , \ M , IM D , Sc D Umdilla, N Y 
Emeritus Professor of Surgical Research, Cornell 
Medical College (1, 1913) 

Swift, Homer, hi D , D Sc 888 Park Ave , New 
York City Member, Rockefeller Institute for 
Medical Research, Physician to The Hospital of 
The Rockefeller Institute for Medical Research 
(6, 1920) 

Swift, Raymond Vf , MS, Ph D Pennsylvania 
State College, State College Professor, Depart- 
ment of [nimal \utrition (5, 1934) 

Swingle, Wilbur Willis, Ph D Princeton Univer- 
sity, Pnneeton, N J Professor of Biology 
(1, 1924) 

Sydenstricker, V P University of Georgia School 
of Medicine, Augusta Professor of Medicine 
(5, 1944) 

Sykes, Joseph F , hi S A , Ph D US Dept of 
Agriculture, Bureau of Dairy Industry, Belts- 
ville, hid Physiologist (1, 1942) 

Syverton, Jerome T , M D The University of 
Rochester School of hledicine and Dentistry and 
Strong Memorial Hospital, Rochester, N A 
Associate Professor of Bacteriology (4, 1940) 
Szego, Clara M , hi S , Ph D Worcester Founda- 
tion for Experimental Biology, Shrewsbury, 
hlasB Research Associate (1, 1946) 

Tainter, M L , hi A , hi D Sterling-Whnthrop 
Research Institute, 33 Riverside Ave , Renns- 
selaer, N Y' Director of Research (1, 1929, 3, 
1927) 

Talbert, George A , Ph D , D Sc (hon ) ^ 

Granite St , Waupaca, Wis Professor Physio 
ogy and Pharmacology, Emeritus, U of 
Dakota, Sc D U of S Dakota (1,1919) 
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Talbot, Samuel Armstrong, AM, MS, Ph D 
Wilmer Institute, Johns Hopkins Hospital, 
Baltimore, Md Instructor in Physiological 
Optics, Johns Hopkins University (1, 1940) 
Taliaferro, William H , Ph D Department of 
Bactenology, University of Chicago, Chicago, 
HI Eliakim H Mdorc Distinguished Service 
Professor of Parasitology and Dean of the Divi- 
sion of Biological Sciences (G, 1930) 
Tannenbaum, Albert, M D Michael Reese Hos- 
pital, 29th St A Ellis Ave , Chicago, 111 Direc- 
tor, Department of Cancer Research (4, 1942) 
fashiro, Shiro, Ph D , M D College of Medicine, 
Universitj of Cincinnati, Cincinnati, 0 Pro- 
fessor of Biochemistry (1,1913,2,1913) 
ratnm, Arthur L , M S , Ph D , M D University 
of Wisconsin, Madison Professor of Pharma- 
cology (1, 1913, 3, 1919) 

Tauber, Henry, Ph D 1909 S Si\th St , Phila- 
delphia, Pa Puhlicker Commercial Alcohol Com- 
pany, Supervisor of Ethyl Alcohol Fermentation 
(2, 1933) 

Taylor, Alonzo E , M D General Mills, Inc 
200 Chamber of Commerce, Minneapolis, Minn 
Director of Research Director Emeritus, Food 
Research Institute, Stanford University ( 6 , 
1933) 

Taylor, Alton R , Ph D Duke University School 
of Medicine, Durham, N C Research Associate 
in Experimental Surgery ( 6 , 1943) 

Taylor, Craig L , Ph D , M D Dept of Engineer- 
ing, Um\ of Calif , Los Angeles, Calif (1,1945) 
Taylor, Fred A , Ph D 320 E North Ave , N S , 
Pittsburgh, Pa Biochemist, Singer Memorial 
Eahoratory (2, 1933) 

Taylor, Haywood M , MS, Ph D Duke Um- 
'etsity School of Medicine, Durham, N C 
■dssociate Professor of Biochemistry and Toxi- 
cology, Biochemist and Toxicologist to Duke 
Hospital (4, 1942) 

Taylor, Henry Longstreet, Ph D University of 
Minnesota, klinneapolis Assistant Professor of 
Physiology ( 1 , 1944) 

Taylor, John Fuller, Ph D Washington University 
School of Medicine, Euclid and Kingshighway, 
St Louis, Mo Assistonf Professor of Biological 
Chemistry (2, 1944) 

Taylor, M Wight New Jersey Agncultiiral Exper 
Station, New Brunswick Assoc Biochem in. 
Rutr , and Assoc Prof of Agr Biochem , Rut- 
Sers Univ (5, 1944) 

Taylor, Norman Burke, M D , F R S (Can ), 
MRCS (Eng), LRCP (Lon), PROS 
(Edin ), FRCP (Can) Umversity of To- 
ronto, 5, Ontano, Ont , Canada Professor of 
Physiology ( 1 , 1922) 

Taylor, Robert D , hi D Clinical Research 
Binsion, Cleveland Foundation, Cleveland 6 , O 
Member ( 1 , 1945 ) 


Teague, Robert S , Ph D , hi D Dept of Phar- 
macology and Physiology^ hledical College of 
Alabama, Birmingham 5, Ala Associate Profes- 
sor of Physiology and Pharmacology (3, 1942) 
Templeton, Roy D , B S 5630 South Flores, San 
Antonio, Texas (1, 1935) 

Ten Broeck, Carl, hi D The Rockefeller Insti- 
tute for hledical Research, Department of Am- 
mal and Plant Pathology, Princeton, N J 
Member (4,1932,6,1924) 

Tepperman, Jay, hi D Dept of Pharmacology, 
Syracuse University School of hledicine, Syra- 
cuse, N Y (1, 1944) 

Terplan, Kernel L , hi D University of Buffalo, 
School of Medicine, Buffalo, N Y Professor of 
Pathology (4, 1935) 

Thannhauser, S J , hi D , Ph D Pratt Diag- 
nostic Hospital, 30 Bennet St , Boston, hlass 
Professor of Clinical Medicine, Tufts Medical 
School, Associate Chief, Pratt Diagnostic Hos- 
pital (2, 1937) 

Thayer, Sidney Allen, Ph D 1402 S Grand 
Blvd , St Louis 4, Mo Associate Professor of 
Biochemistry, St Louis University School of 
Medicine (2, 1933) 

Theiler, Max, hi D Rockefeller Foundation, 
New York City Member of Field Staff (4, 
1938) 

Thienes, Clinton H , AM, M D , Ph D Uni- 
versity of Southern California School of Medi- 
cine, Los Angeles Professor of Pharmacology 
(3, 1928) 

Thomas, Arthur W , Ph D Columbia Umversity, 
New York City Professor of Chemistry (2, 
1924) 

Thomas, Byron H , hi S , Ph D Iowa State Col- 
lege, Ames Professor and Head, Animal 
Chemistry and Nutrition, Iowa Agricultural 
Experiment Station (5, 1933) 

Thomas, Caroline Bedell, M D The Johns Hop- 
kins Hospital, Baltimore, Md Instructor in 
Medicine, Johns Hopkins University School of 
Medicine (1, 1939) 

Thomas, J Earl, hi S , hi D Jefferson Medical 
College, Philadelphia, Pa Professor of Physi- 
ology (1, 1922, 3, 1924) 

Thompson, hlarvin R , Ph C , B Sc , hi Ph , 
(Hon ) Ph D 67 Greenu ich Ave , Stamford, 
Conn (3, 1944) 

Thompson, Randall L , Sc D , hi D hledical Col- 
lege of Virginia, Richmond, Va Associate Pro- 
fessor of Bacteriology (G, 1937) 

Thompson, 'William R , Ph D 1 Darrock Rd , 
Delmar, N Y Senior Biochemist, Division of 
Laboratories and Research, New Yorl State 
Department of Health (2 1934) 

Thomson, David Landsborough, hi A , Ph D , 
F R S C hIcGill University, hlontreal, Canada- 



530 


FEDERATION PROCEEDINGS 


Professor of Bzochcnuslry and Dean of the Faculty 
of Graduate Siudzes and Research (2, 1029) 
Thorn, George Widmer, M D Peter Bent Brig- 
ham Hospital, Boston, Mass Professor of 
Medicine of Harvard University (1, 1939) 
Tillett, William S , M D , Sc D (hon ) Depart- 
ment of Baeteriology, New York University 
College of Medicine, 477 First Ave , New York 
City Professor of Medicine (G, 1927) 

Tilt, Jennie, M S , Ph D Florida State College 
for Women, Tallahassee Professor of Physio- 
logical Chemistry and A^utrition (5, 1037) 
Tipson, R Stuart, Ph D Mellon Institute of 
Industrial Research, University of Pittsburgh, 
Pittsburgh, Pa Senior Fellow, Department of 
Research in Pure Chcmishy (2, 1937) 

Tipton, Samuel R , Ph D Medical College of 
Alabama, Birmingham 5 Associate Professor of 
Physiology and Pharmacology (1, 1910) 
Tisdall, Frederick F , MS, M D , M R C S , 
LRCP (London), F R C P (C ) University 
of Toronto, Toronto, Canada Issistont Pio- 
fessor of Pcdiahics, Department of Medicine, 
University of Toionto, Physician, Hospital for 
.Sic/. Clildrcn (2, 1922, 5, 1933) 

Tislou, Richard, MD Schcring Corporation, 
Bloomfield, N J Head of the Biology Laboratory 
(1, 1944) 

Titus, Harry W , A hi , Ph D Lime Crest Re- 
search Lab , RFD jjfl, New ton, N J Technical 
Counsellor and Director of Xvtritional Research 
(2, 1929, 5, 1933) 

Tobias, Julian M , M D University of Chicago, 
Chicago, B1 Instructor in Physiology On leave 
to Medical Research Laboratory, Edgewood Ar- 
senal, Md (1, 1944) 

Tocantins, Leandro Maues,M D Jefferson Medi- 
cal College, Philadelphia, Pa Associate Pro- 
fessor of Medicine (1, 1939) 

Todhunter, Elizabeth Neige, M Sc , Ph D , Uni- 
versity of Alabama, University Professor 
of Nutrition (5, 1939) 

Toennies, Gerrit, Ph D Lankenau Hospital Re 
search Institute, Philadelphia, Pa Research 
Chemist (2, 1934) 

Tolle, Chester D , Ph D Food and Drug Ad- 
ministration, Federal Security Agency, Wash- 
ington, D C Senior Biochemist (5, 1942) 
Toman, James E P , Ph D Dept ' of Pharma- 
cology and Physiology, Umv of Utah School of 
Medicine, Salt Lake City (1, 1945) 
Tomlinson, Wraj Joseph, M D Fort Logan 
Veteran’s Hospital, Denver, Colorado Chief of 
Labs , Assist Prof of Pathology, Umv of Colo- 
rado School of Medicine (4, 1945) 

Tompkins, Edna H , M D Laboratory of Applied 
Physiology, Yale University, 4 Hillhouse Ave , 
New Haven, Conn Research Associate, Associate 
Professor (4, 1941) 


Toomcj, John A , M D , LL B Division of Con 
tagious Diseases, City Hospital, 3395 Scranton 
Rd , Cleveland, 0 Profrs’-nr of Pediatrics (Con- 
tagious Diseases), Western Rcseric hnncrsily 
School of Medicine (G, 1913) 

Tordn, Clara, Ph D , M D Cornell Medical Cen- 
ter, New York City Research Fellow in Depart- 
ment of Medicine (I, 1913,3, 1911) 

Toth, Louis A , M S , Ph D Dept of Phvsiologj, 
I>ouisiaiia State Universitv, hlcdiral Center, 
New Orleins 13, Ha \ssislnnt Professor of 
Physiology (1, 1910) 

Totter, John R , M V , Ph D Univ of Vrkansas 
School of filedicine, T,ittlc Rock, \.rk Associate 
Pro(c’’snr, Dept of Physiological Chemistry 
(2, 1910) 

Tourtcllotte, Dec, M S , D Sc Charles B luiox 
Gelatin Co , Ith and Erie Sts , Camden, N J 
(5. 1935) 

Tower, Sarah Sheldon, M D , Ph D Johns Hop- 
kins Medical School, Baltimore, Md Associate 
in Anatomy (1, 1932) 

Traub, Frederick B , ivl D 205 East S2nd St , 
New York 2S, N Y Associate Bacteriologist, 
Iciiish Hospital of Broollyn (G, 194G) 
Travcll, Janet, M D Cornell University Medical 
College, 1300 York Vve , New York City In- 
structor in Pharmacology (3, 1933) 

Travis, Lee Edward, A M , Ph D University of 
Southern California, Los Angeles Professor of 
Psychology and Director of the Psychological 
Center, Major, Y AAF (Yuma, Am) (1» 
1929) 

Treadwell, Carlcton R, MS, PhD Dept of 
Biochemistry , George Washington Umversity 
School of Medicine, 1335 H St , Washington, D 
C (2, 1944) 

Treffers, Henry P , Ph D Yale Medical School, 
Department of Immunology, New Haven, Conn 
Associate Professor of Immuno-chemistry (G, 
1942) 

Trimble, Harry C , M D , Ph D 25 Shattuck St , 
Boston, Mass Assistant Professor of Biological 
Chemistry, Harvard Medical School (2j 1929, 
5, 1936) 

Tuft, Louis H, MD 1530 Locust St, Phil- 
adelphia, Pa Assistant Professor of Medicine, 
Temple University Medical School, Chief of 
Clinic of Allergy and Applied Immunology, 
Temple University Hospital (G, 1928) 
turn Suden, Caroline, M A , Ph D 80 E Con 
cord St , Boston, Mass Evans Research Fellow 

in Physiology, Boston University School of Me i- 

cine. Assistant, Evans Memorial Staff, Massa- 
chusetts Memorial Hospitals (1, 1936) 

Tunturi, Archie Robert, MS, Ph D Univ o 
Oregon Medical School, Portland, Ore Assistant 
Professor of Anatomy (1, 1946) 
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Tuohy, Edward B , MS, M D Percy Jones 
General Hospital, Battle Creek, Mich Assistant 
Professor of Ancslhcstology, Mayo Foundation 
Captain, ill C (3, 1941) 

Turner, Abb} H , Ph D Mount Holyoke College, 
South Hadlej , hLoss Professor of Physiology 

(1. 1925) 

Turner, William A , Ph D Bureau of Dairy In- 
dustrj , U S Department of Agriculture, Belts- 
ville, Md Associate Chemist (2, 1929) 

Tuttle, Waid Wright, M A , Ph D State Univer- 
sity of Iowa, Iowa City Professor of Physiology 

(1. 1925) 

Tweedy, Wilbur R , Ph D Loyola University 
School of Medicine, 706 S Wolcott St , Chicago, 
111 Professor and Chairman, Department of 
Biological Chemistry (2, 1931) 

Tyler, David B , Ph D California Institute of 
Technology, Pasadena Hixon Fund Fellow^ (1, 
1943) 

Pnna, Klaus R W , M D 1853 W Polk St , 
Chicago 12, 111 Assistant Professor, Dept of 
Pharmacology, Untv of Illinois Coll of Medicine 
(1, 1941,3, 1944 , 5, 1942) 

Upton, Morgan, M A , Ph D Dept of Psychology, 
St Lawrence University, Canton, N Y Assist- 
ant Director, British Ministry of Supply Mission, 
404 A Bradford Building, ISOO K St , N W , 
Washington, DC (1, 1934) 

Urban, Frank, Ph D , M D Research Hospital, 
Unnersitj of Illinois, 1819 W Polk St , Chicago 
12. Ill Interne (2, 1932) 

Utter, Merton F , Ph D Dept of Biochemistry, 
Western Reserve Umv , Cleveland, Ohio, Asso- 
ciate Professor of Physiological Chemistry (2, 
1946) 

Yahlteich, Ella McCollum, M A , Ph D 46 Hud- 
son Ave , Edge water, N J (5, 1933) 

Van Dyke, H B , Ph D , M D 630 W 168th St , 
hew York, N Y Hosack Professor of Pharma- 
cology, Columbia University, College of Physi- 
cians and Surgeons (1, 1925, 3, 1942) 
van Harreveld, Anthonie, M A , M D Cahforma 
Institute of Technology, Pasadena Associate 
Professor of Physiology (1,1941) 

Van Liere, Edward J , M S , M D , Ph D The 
School of Aledicine, West Virginia Umversity, 
Morgantown Professor of Physiology and 
^can (1, 1927) 

Van Slyke, Donald D , Ph D , So D , M D Rocke- 
feller Institute for Medical Research, 66th St 
and ^Tork Ave , New York City Member, Mem- 

cr, National Academy of Sciences (2, 1908) 
van Wagenen, Gertrude, Ph D Yale University 
ehool of Medicine, New Haven, Conn Asso- 
ciate Professor ( 1 , 1932) 
van Vagtendonk, William J , Ph D Dept of 

Oology, Indiana Umversitj, Bloomington, 
nd Associate Professor of Zoology (2, 1946) 


Van Winkle, Walton, Jr , M D American Medi- 
cal Assn , 535 N Dearborn St , Chicago 10, 111 
(3, 1939) 

Vars, Harry M , Ph D Harrison Department of 
Surgical Research, University of Pennsylvania 
Medical School, Philadelphia Assistant Pro- 
fessor of Physiological Chemistry (2, 1935, 
5, 1935) 

Velick, Sidney Frederick Dept of Biochemistry, 
Washington Univ School of Medicine, Euclid 
Ave and Kingslughway, St Louis 10, Mo Assist- 
ant Professor of Biochemistry (2, 1946) 
Vennesland, Birgit, Ph D Dept of Biochemistry, 
University of Chicago, Chicago, R1 Assistant 
Professor (2, 1944) 

Venning, Eleanor H , M S , Ph D University 
Clinic, Royal Victoria Hospital, Pine Ave , 
Montreal, Quebec, Canada Assistant Professor 
of Medicine, McGill Umv (2, 1938) 

Vesthng, Carl Swensson, Ph D Noyes Lab , 
Univ of Illinois, Urbana, HI Assistant Profes- 
sor of Chemistry (2, 1946) 

Vickery, Hubert B , MS, Ph D Connecticut 
Agricultural Evpenment Station, New Haven 
Lecturer on the Chemistry of Proteins, Yale 
University, Biochemist in Charge, Connecticut 
Agricultural Experiment Station, Member, Na- 
tional Academy of Sciences (2, 1923) 

Victor, Joseph, M D Research Service, First 
Division, Goldwater Memorial Hospital, Wel- 
fare Island New York 17 Experimental Path- 
ologist, Assistant Professor of Pathology, Colum- 
bia University College of Physicians and 
Surgeons (4, 1935) 

Virtue, Robert W , Ph D 2134 E Hiff Ave, 
Denver, Colo Associate Professor of Chemistry, 
University of Denver (2, 1939) 

Visscher, Maurice B , Ph D , M D Umversity 
of Minnesota, Minneapolis Professor and Head 
of Dept of Physiology (1, 1927) 

Voegtlin, Carl, Ph D Umversity of Rochester 
School of Medicine and Dentistry , Rochester, 
N Y Lecturer in Pharmacology (1, 1908, 
2, 1908, 3, 1908) 

von Haam, Emmerich, M D Ohio State Uni- 
versity, Columbus Professor of Pathology 
(4, 1938) 

Von Oettingen, W F , M D , Ph D National In- 
stitute of Health, Division of Industnal Hy- 
giene, Bethesda, Md Principal Industrial 
Toxicologist (3, 1925) 

Vorwald, Arthur J , Ph D , AI D Research Divi- 
sion, Bureau of Medicine and Surgery , Washing- 
ton, D C Pathologist (4, 1937) 

Vos, Bert J , Ph D , M D Division of Pharmacol- 
ogy, Food and Drug A V' 

ton, D C Associate . * 
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Waddell, James, Ph D E I duPont dc Nemours 
& Co , New Brunswick, N J Director of the 
Biological Laboratory (2, 1930, 5, 1935) 
Wads^\orfh, Augustus B , M D Miuiclicstcr, 
Vermont (4, 1935, 6, 1920) 

Waelsch, Heinrich, M D , Pli D 722 West IGSUi 
St , New York 32, N Y Associate Research 
Biochemist, N Y State Psychiatric Institute 
and Hospital, Assistant Professor of Biological 
Chcmisliy, Columbia Uniicrsity (2, 1911) 
Wagman, Ir>ing H , M \. , PIi D Dcjit of Ph\ si- 
clog's , Jefferson jMedical College, Plnlndelphm 7, 
Pa (1, 1946) 

Waisman, Harry A , MS, Ph D Biochemistry 
Bldg , University of Wisconsin, Madison Asso- 
ciate in Biochemistry (2, 1944) 

Wakeman, Alfred J , Ph D Hatfield Hill Road, 
Bethany, Conn Retired (2, 1906) 

Wakerlin, George E , Ph D , M D University 
of Illinois Medical School, 1S53 W Polk St , 
Chicago Professor of Physiology (1, 1933, 
3, 1934) 

Wakim, Khalil G , M D , Ph D University of 
Indiana Medical School, Bloomington Professor 
of Physiology (1, 1942) 

Wald, George, M A , Ph D Biological Labora- 
tories, Harvard University, Cambridge, Mass 
(1, 1934) 

Walker, Arthur M , M D University of Penn- 
sylvania, Philadelphia Associate Professor of 
Pharmacology, Major, M C (1, 1932, 3, 1939) 
Walker, Burnham S , Ph D , M D Boston Uni- 
versity School of Medicine, 80 E Concord St , 
Boston, Mass Professor of Biochemistry (2, 
1940) 

Walker, Ernest Linwood, S D Second and Par- 
nassus Aves , San Francisco, Calif Professor 
of Tropical Med , The George Williams Hooper 
Foundation for Medical Research, University 
of California (3, 1931) 

Walker, Sheppard M , M A , Ph D 7339 Lindell 
Blvd , University City 5, Mo Instructor in Phys- 
iology (1, 1946) 

Wallace, George B , A M , Sc D (hon ) M D 477 
First Ave , New York City Professor of 
Pharmacology, New York University College 
of Medicine (1, 1901, 2, 1906, 3, 1909) 
Wallen-Lawrence, Zonja, Ph D 4534 W Pme 
Blvd , St Louis, Mo Lecturer on Nutrition and 
Diet, Washington University School of Dentistry 
(2, 1937) 

Walter, Annabel W 29 Perry St , New York 14, 
N Y Bacteriologist, New York, City Dept of 
Health, Bureau of Labs (6, 1946) 

Walter, Carl W , M D Harvard Medical School, 
25 Shattuck Street, Boston, Mass Director, 
Laboratory for Surgical Research, Assistant Pro- 


fessor of Surgery, Hariard Medical School, 
Senior A ssociatc in Surgery, Peter Bent Brigham 
Hospital (4, 1912) 

Walters, Oriillo S, PIi D , hi D McPherson, 
Kan Physician (1, 1936) 

Walton, Robert P , M A , Ph D , M D Medical 
College of the State of South Carolina, Charles 
ton Professor of Pharmacology (3, 1933) 

V niton, Seth T , \ M D , M S , Ph D Laboraton , 
hctcran’s llospil il, Oletn, N C Director of 
Laboratories and Resrareh (6, 1936) 

Wal/er, Matthew, M D 20 Plara St , Brooklyn, 
N Y Attending in Allergy, Jewish Hospital 
of Brooklyn (6, 1921) 

Vang, Chi Che, M S , Pli D Main Clinic 214 16th 
\\c , S W Rochester, Minn (2, 1922, 5, 1933) 
Rang, Shih-Chun, M D , Ph D Columbia Uni- 
versity College of Physicians and Surgeons, 630 
W 16Sth St , New York Citj Assistant Professor 
in the Department of Physiology (I, 1943) 
Rangcman, CIn}ton P , B V , M D State of Ris- 
consiii Gcneril Hospital, 1300 Uiincrsitj Vve , 
Madison 6, Misconsin issistaut Professor of 
[nesthcsiology (3, 1916) 

Wangensteen, Owen Harding, M D University 
of Minnesota, Minneapolis Professor of Sur- 
gery (4, 1931) 

Warner, Emorj D , M D Medical Laboratones 
Bldg , Iowa City, la Professor of Pathology 
(4, 1937) 

Warner, Robert C , Ph D New York University 
College of hledicinc, 477 First Aa e , New York 
16, N Y Assistant Professor of Chemistry (2, 
1946) 

Warren, Charles O , Pli D , hi D 405 East 72nd 
St , New York, N Y Medical Associate, Com- 
momicalth Fund (1, 1941) 

Warren, Madeleine Field, A3I , Ph D 9 High 
Rock St , Needham hlass Harvard School of 
Public Health, 55 Shattuck St , Boston, hlass 
Associate in Physiology (1, 1933) 

Warren, Shields, hi D 195 Pilgrim Rd , Boston, 
hlass Pathologist, New England Deaconess 
Hospital, Assistant Professor of Pathology, 
Harvard Medical School (4, 1929) 

Wartman, William Beckman hi D Northwestern 
Univ , 303 East Chicago Aa^e , Chicago 11, IH 
Professor of Pathology (4, 1940) 

Wasteneys, Hardolph, Ph D , F R S C Univer- 
sity of Toronto, Toronto, Canada Professor 
and Head of Department of Biochemistry (2, 
1915 ) 

Wastl, Helene, M D Hahnemann hledical Col- 
lege and Hospital, Philadelphia, Pa Research As- 
sociate, Depts of Anatomy and Therapeutics 
(1, 1939) 
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Waterman, Robert E , B S Sobering Corporation, 

SG Orange St , Bloomfield, N J Vicc-Prestdcnt 
(2, 1940) 

Waters, Ralph Milton, M D 1300 University Ave , 
Madison, Wbs Professor of A7iesthesia, Umver- 
sily of TFisconstn (3, 1937) 

Watson, Cecil J , M D , Ph D Department of 
Medicine, University Hospital, Minneapolis, 
Minn Professor and Head of Department of 
Mcdtcine (4, 1941) 

Watson, John B , AM, Ph D , LL D 420 
Levington Ave , New York City Vice Presi- 
dent of the J Walter Thompson Co (1, 1907) 
Wand, Russell A , M D , M Sc , Ph D Medical 
School, University of Western Ontano, London, 
Canada Professor of Pharmacology (1, 1925, 

3, 1931) 

Waugh, David F , Ph D Department of Biology 
and Biological Engineering, Massachusetts In- 
stitute of Technology, Cambridge Assistant 
Professor of Physical Biology (1, 1943) 

Wearn, Joseph T , M D Lakeside Hospital, 
Cleveland, 0 Professor of Medicine, IFestern 
Reserve University, Director of Medicine, Lake- 
side Hospital (1, 1921) 

Weatherbj , J H , M A , Ph D Dept of Physiol- 
ogy and Pharraacologj , Medical College of Vir- 
ginia, Richmond, Va Associate Professor of Re- 
search Pharmacology (3, 1941) 

Weber, Clarence J , M D , Ph D University of 
Kansas Hospitals, Kansas City Assistant Pro- 
fessor of Research Medicine (2, 1931) 

Webster, Bruce, M D , C M Cornell Umversity 
Medical College, 1300 York Ave , New York 
Cit} Assistant Professor Medicine, Associate 
Attending Physician, New York Hospital (5 
1935) 

Weed, Lewis H , AM , M D , So D Johns Hop- 
kins Umversity Medical School, Baltimore, Md 
Professor of Anatomy (1, 1919) 

Vegna, Een€, MD Department of Medicine, 
Presbytenan Hospital, 622 W 168th St , New 
lork City (1, 1941) 

Weichert, Charles K , Ph D Umversity of Cin- 
cinnati, Cincinnati, 0 Professor of Zoology 
(1, 1935) 

Wed, Alfred J , M D Lederle Laboratories, Inc , 
Pearl River, N Y Immunologist (6, 1940) 
Wed, Arthur, M D 161 East 71st St , New York, 
Y (4, 1940) 

Wed, Leopold, Ph D Eastern Regional Research 
Laboratory, U S Department of Agriculture, 
Chestnut Hill Station, Philadelphia, Pa 
Chemist (2, 1942) 

Weir, Everett G , M S , Ph D School of Medi- 
cine, Howard University, Washington, D C 
Assistant Professorof Physiology (1, 1941) 
«ciss, Charles, M S , Ph D , M D Jewish Hospi- 


tal, York & Tabor Roads, Philadelphia, Pa 
Director of Laboratories (4, 1934 , 6, 1920) 
Weiss, Emil, M D , Ph D P 0 Box 714, Chicago, 
HI Pathologist, Chicago Eye, Ear, Nose and 
Thrpat Hospital (6, 1927) 

Weiss, Paul, Ph D Umversity of Chicago, 
Chicago, HI Professor of Zoology (1, 1936) 
Welch, Arnold D , Ph D , M D Western Reserve 
Umversity School of Medicine, Cleveland, 0 
Professor and Director of Department of Pharma- 
cology (3, 1942,5,1944) 

W^elch, Henry, M S , Ph D Rm 6171 S Agricul- 
ture Bldg , Washington, D C Chief, Division of 
Penicillin Control and Immunology, U S Food 
and Drug Administration (6, 1932) 

Weld, Charles Beecher, M A , M D Dalhousie 
University, Halifax, N S , Canada Professoi 
of Physiology (1, 1936) 

Weld, Mrs Julia T College of Physicians and 
Surgeons, 630 W 168tb St , New York City 
Research Associate in Pathology (G, 1920) 
Welker, William H , A C , Ph D , D So 1853 W 
Polk St , Chicago, HI Professor of Biological 
Chemistry and Head of the Department, College o] 
Medicine, University of Hltnots (2, 1906) 
Weller, Carl Vernon, M D 1130 Fair Oaks Park- 
way, Ann Arbor, Mich Professor of Pathology 
and Chairman, Department of Pathology, Uni- 
versity of Michigan (4, 1923) 

Wells, Herbert S , M D University of Minnesota 
Minneapolis 14 Professor of Clinical Physiology 
(1, 1932) 

Wells, Joseph Albert, M S , Ph D Northwestern 
University Medical School, Chicago, HI Asso- 
ciate in Pharmacology (3, 1944) 

Welsh, John H , Ph D Biological Laboratories, 
Bfarvard University, 16 Divimty Ave , Cam- 
bridge 38, Mass Associate Professor of Zoology 
(1, 1945) 

Wendel, William B , Ph D Department of Bio- 
chemistry, Tulane University, 6501 St Charles 
Ave , New Orleans 15, La Professor of Bio- 
chemistry (2, 1932) 

Werkman, C H , Ph D Science Hall, Iowa 
State College, Ames Professor and Head of 
Department of Bacteriology (2, 1942) 

Werle, Jacob M , M D , Capt , 138 Evacuation 
Hospital, A P O 408, New York, N Y (1, 1943) 
Werner, Harold W , Ph D The Wm S Merrell 
Co , Lockland Station, Cincinnati, O Director 
of Pharmacology Research (3, 1942) 
Wertenberger, Grace E , S M Ph D Women’s 
Medical College of Pennsylvania Philadelphia 
Assistant Professor of Physiology (I, 1943) 
Werthessen, Nicholas T, PhD Shrewsburj, 
Mass Tl’orccstcr Foundation for Experimental 
Biology, Research Staff (I, 1946) 

Wesson, Laurence Goddard, Ph D Forsyth 
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Dental Infirmary, Boston, Mass Research 
Biocheimst (2, 1929, 3, 1932) 

West, Edward S, MS, PhD University of 
Oregon Medical School, Portland Professor 
of Btochemtslry (2, 1925) 

West, Harold D , d , Ph D Mchari^ Rfcdical 
College, Nashville S, Tcnn Professor of Bio- 
chemistry and Head of Dept of Biochemistry 
(2, 1946) 

West, Randolph, M A , M D 622 W 16Sth St , 
New York City Associate Professor of Medi- 
cine, Columbia University (2, 1931) 
Westerfeld, Wilfred Wiedej, PhD Syracuse 
University College of Medicine, Sj'racuse 10, 
N Y Professor of Biochemistry (2, 1944) 
Weymouth, Frank W , Ph D Stanford Univer- 
sity, Calif Professor of Physiology and Exec- 
utive of the Department (1, 1917) 

Wheeler, George W , M D New York Hospital, 
525 E 68th St , Neiv York City Assistant Direc- 
tor (6, 1920) 

Wheeler, Kenneth M , Ph D Bureau of Labora- 
tories, Connecticut State Department of Health, 
1179 Main St , Hartford Research Micro- 
biologist (6, 1938) 

Wheeler, Mary W , M A Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany Associate Bacteri- 
ologist (6, 1933) 

Wheeler, Ruth, Ph D Vassar College, Pough- 
keepsie, N Y Professor Emeritus of Physiol- 
ogy and Nutrition (2, 1915 , 5, 1933) 

Wheelon, Homer, M S , M D American Bank 
Bldg , Seattle, Wash (1, 1919) 

Whipple, George H , M D , Sc D University of 
Rochester, Rochester, N Y Professor of 
Pathology and Dean of the School of Medicine and 
Dentistry, Member of the National Academy of 
Sciences (1,1911,4,1913) 

White, Abraham, M A , Ph D 333 Cedar St , 
New Haven, Conn Associate Professor of 
Physiological Chemistry, Yale University (2, 
1934, 5, 1937) 

TVTute, Florence R , M A , Ph D National Cancer 
Institute, Bethesda 14, Md Biochemistf Na- 
tional Institute of Health (2, 1946) 

White, Frank D , Ph D , F I C Medical College, 
Umversity of Manitoba, Winnipeg, Canada 
Assistant Professor of Biochemistry, Faculty of 
Medicine (2, 1931) 

White, Harvey Lester, M D Associate Professor 
of Physiology, Washington University Medical 
School, St Louis, Mo (1, 1923) 

White, Julius, A M , Ph D National Cancer Insti- 
tute, Bethesda, Md Senior Biochemist (2, 
1937) 

White, Paul Dudley, M D , Massachusetts Gen- 
eral Hoepital, Boston Lecturer in Medicine, 
Harvard Medical School, Physician {in charge of 


Cardiac Clinics and Laboratory), Mass General 
Hospital (3, 1921) 

Whitehead, Richard W , M A , M D University 
of Colorado School of Medicine, 4200 E Ninth 
Avc , Denver Professor of Physiology and 
Pharmacology (I, 1933, 3, 192.3) 

Wiener, Alexander S , M D 64 Rutland Rd , 
Brooklyn, N Y Bacteriologist and Scrologist 
to Office of Chief Medical Examiner of New Yorh 
City, Head of Transfusion Division, Jewish 
Hospital of Brooklyn (C, 1932) 

W'lersma, Cornells A G , RI A , Ph D California 
Institute of Technology , Pasadena Associatf 
Professor of Physiology (1, 1941) 

Wiggers, Carl J , M D , Sc D Medical School, 
Western Reserve University, Cleveland, 0 
Professor and Director of Physiology (1,1907, 

3, 1909) 

Wiggers, Harold C , Ph D College of Medicine, 
University of Illinois, 1853 W Polk St, Chi- 
cago Associate Professor of Physiology (1, 
1938) 

Wigodsky, Herman S , Ph D ,M D AAF School 
Aviation Medicine, Randolph Field, Te\as 
Chief, Dept of Physiology (1, 1943) 

Wilder, Abraham, M D U S Public Health Serv- 
ice Hospital, Le\ington, Ky Surgeon {R), U S 
Public Health Service (3, 1944) 

W'llde, Walter S , Ph D Carnegie Institution of 
Washington, Department of Embry'ology , Wolfe 
and Madison Sts , Baltimore 5, Md Junior 
Investigator, Assistant Professor of Physiology 
(1, 1944) 

Wilder, Russell M , Ph D , M D Mayo Clinic, 
Rochester, Minn Professor of Medicine, Mayo 
Foundation, University of Minnesota (1,1921, 

4, 1924,5, 1933) 

Wiley, Frank H , MS, Ph D Food and Drug 
Administration, Federal Security Agency , Wash- 
ington 25, D C Chemist (2, 1933) - 

Wilhelme, Jane Russell, Ph D Yale University 
School of Medicine, 333 Cedar St , New Haven, 
Conn Instructor in Physiological Chemistry 
(1, 1939) 

Wilhelmi,.Alfred E , Ph D 333 Cedar St , New 
Haven, Conn Yale University School of Medi- 
cine Assistant Professor of Physiological Chem- 
istry _ (2, 1942) 

Wilhelmj, Charles Martel, M D Creighton Uni- 
versity School of Medicine, Omaha, Neb Pro- 
fessor of Physiology (1, 1931) 

Wilkerson, Vernon A , M D , Ph D Howard 
University Medical School, Washington, D C 
Professor and Head of Department of Bio- 
chemistry (2, 1936) 

Williams, Edwin G, MD, DTM, DTH 
National Institute of Health, Bethesda 14, Md 
Senior Surgeon U S Public Health Service, 
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Director of Research, U S P H S Hospital, 

' Lexington, Ky (3, 1944) 

■Williams, Harold H , Ph D Department of 
Biochenustrj , Cornell Umversitj , Ithaca, N Y , 
Professor of Biochemistry (2, 1938, 5, 1936) 
Williams, Horatio B , M D , Sc D Bo\ 893, Green- 
wich, Conn Dalton Professor of Physiology 
Emeritus, Columbia University (1, 1912) 
Williams, J W , M S , Ph D University of Wis- 
consin, Chemistrj Bldg , Madison Professor of 
Chemistry (2, 1944) 

Vi illiams, Ra) D , MS, M D 6834 Waterman 
St , St Loms,Mo Assistant Professor of Clin- 
ical Medicine, Washington University (5, 1941) 
Williams, Robert Hardin, M D Thorndike Labo- 
ratorj , Boston City Hospital, Boston, Mass 
Associate in Medicine, Harvard Medical School, 
Assistant Physician, Thorndike Memorial Labo- 
ratory, Junior Visiting Physician, II and IV 
Medical Services (Harvard) Boston City Hos- 
pital (4, 1940) 

Williams, Robert R , MS, D So 297 Summit 
Ave, Summit, N J Chemical Consultant, Bell 
Telephone Laboratories (2, 1919, 5, 1941) 
Williams, Roger J , Ph D , D Sc Umversity of 
Texas, Department of Chemistry, Austin 
Professor of Chemistry, Director, Biochemical 
Institute (2, 1931 , 5, 1945) 

Tl ills, J H , III S , Ph D Dept of Pliarmacology, 
Unu of Tennessee, Memphis 3, Tenn (1,1943) 
Wilson, David Wright, MS, Ph D Umversity 
of Pennsjlvama Medical School, Philadelphia 
Benjamin Rush Professor of PhysiologicalChem- 
istry (1,1915,2,1915) 

^ ilson, Frank N , M D University Hospital, 
Ann Arbor, Mich Professor of Medicine, Unt- 
lersity of Michigan (4, 1925) 

Wilson, Karl M , M D Umversity of Rochester, 
School of Medicine, Rochester, N Y Professor 
of Obstetrics and Gynecology (4, 1927) 

Wilson, P W , Ph D Department of Agncul- 
tural Bactenology, Umversity of Wisconsm, 
Madison Professor in Agricultural Bacteri- 
ology (2, 1939) 

Wilson, Robert H , Ph D U S Dept of Agncul- 
ture. Western Regional Research Laboratory, 
800 Buchanan St , Albany, Calif Pharmacolo- 
gist (3, 1937) 

^ inder, Claude V , Sc D 1927 Dexter Ave , Ann 
Arbor, Mich Pharmacologist, Parke, Davis <t 
Company, Detroit, Mich (1, 1938) 

"indie, William Frederick, PhD Medical 
School, Umversitj of Washington, Seattle, Wash 
Professor of Aiialomi/ (1, 1937) 

"mkennerder, Walter LaF , M D 1014 St Paul 
St Baltimore, Md issociate in Medicine, Johns 
^^opl ins Medical School (G, 1938) 

Winkler, Alexander Woodward, A AI , M D 
hew Haven Hospital, 789 Howard Ave , New 


Haven, Conn Assistant Professor of Medicine, 
Yale University School of Medicine (1, 1940) 

Winnick, Theodore, Ph D Dmsion of Bio- 
chemistrj", Univ of Califorma, Berkelej’’, Calif 
Research Associate (2, 1946) 

Winter, Charles A , Ph D University of Okla- 
homa, School of Medicine, 801 E 13th St , 
Oklahoma City Associate Professor of Physiol- 
ogy (1, 1940) 

Winter, Irwin Clinton, Ph D , M D G D Searle 
&,Co,P 0 Box 5110, Chicago 80, ni Director of 
Clinical Research (3, 1941) 

Winters, Jet C , M A , Ph D University of 
Texas, Austin Professor of Home Economics 
(5, 1933) 

Winternitz, M C , M D Yale University School 
of Medicine, New Haven, Conn Anthony N 
Brady Professor of Pathology (4, 1913) 

Winterstemer, Oskar, Ph D The Squibb In- 
stitute for Aledical Research, New Brunswick, 
N J Head Division of Organic Chemistry, 
Honorary Professor of Biochemistry Bulgers 
University (2, 1930) 

■Wintrobe, Maxwell Myer, M D , Ph D University 
of Utah School of Aledicine, Salt Lake City 
Professor and Head of the Department of Internal 
Medicine (4, 1940) 

Winzler, Richard J , Ph D Dept of Biochemis- 
try , Umv of Southern Calif Aledical School, Los 
Angeles 7, Calif Assistant Professor of Bio- 
chemistry (2, 1946) 

Wiseman, Bruce Kenneth, M D Kinsman Hall, 
Ohio State Umversity, Columbus Professor 
and Chairman of Department of Medieane, 
Assistant Director of Medical Research (4, 
1932) 

Wislocki, George B , M D Harvard Umversity 
Medical School, 25 Shattuck St , Boston, Mass 
Parkman Professor of Anatomy (1, 1924) 

Witebsky, Ernest, M D Buffalo General Hos- 
pital, 100 High St , Buffalo, N Y Professor of 
Bacteriology and Immunology (6, 1935) 

Wittich, Fred W , M D 401 LaSalle Medical Bldg 
Minneapolis 2, Alinn Sec-Treas American Col- 
lege of Allergists, Chairman, Executive Commit- 
tee, International Association of Allergists (G, 
1944) 

Witzemann, Edgar J , AI A , Ph D Service 
Memorial Building, Umversity of Wisconsin, 
Madison Associate Professor of Physiological 
Chemistry (2, 1925) 

Wolbach, S Burt, MD Harvard University 
Medical School, 25 Shattuck St , Boston, Alass 
Shattuck Professor of Pathological Anatomy, 
Member, National Academy of Sciences (4, pnor 
to 1920) 

Wolf, Arnold Veryl, Ph D Albany Medical Col- 
lege, Albanv , N Y Assistant Professor of Physi- 
ology and Pharmacology (1, 1946) 
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Wolff, Harold G , M D , M A New York Hos- 
pital, 525 E 6Sth St , New York City Asso- 
ciatc Professor of Medicine, Cornell University 
Medical College, Associate Attending Physician, 
New York Hospital (1, 1930, 3, 1912) 

Wood, Earl H , M S , Ph D , M D Mayo Aero- 
medical Unit, Mayo Foundation, Rochester, 
Minn Assistant in Physiology (1, 19131 
Wood, Harland G , Pli D Department of Bio- 
chemistr}', Western Reserve University , Cleve- 
land, Ohio Professor of Biochemistry (2,1914) 
Wood, Horatio C , Jr , M D , Ph M 319 S 41st 
St , Philadelphia, Pa Professor of Pharma- 
cology and Therapeutics, University of Penn- 
sylvania, Professor of Materia Mcdica Phila- 
delphia College of Pharmacy and Science (3, 
1908) 

Woodbury, Robert A , Ph D , M D University 
of Georgia, School of Medicine, Augusta Pro- 
fessor of Pharmacology (1, 1936, 3, 1941) 
Woodruff, Lorande Loss, AM, Ph D Yale 
University, New Haven, Conn Professor of 
Protozoology, Member, National Academy of 
Sciences (1, 1910) 

Woods, Alan C , M D Wilmer Institute, Johns 
Hopkins Hospital, Baltimore, Md Ophthal- 
mologist-in-Chief, Acting Professor of Ophthal- 
mology, Johns Hopkins University, Director, 
Wilmer Ophthalmological Institute (6, 1918) 
Woods, Ella, AM , Ph D University of Idaho, 
Moscow Home Economist, Experiment Station 
(2, 1925,5, 1933) 

Woodward, Alvalyn E , M S , Ph D University 
of Michigan, Ann Arbor Assistont Professor 
of Zoology (1, 1932) 

Woodyatt, Rollin T , M D 237 E Deleware 
Place, Chicago, HI Professor of Medicine, Rush 
Medical College, University of Chicago (2, 
1912) 

Woolley, D Wayne, Ph D Rockefeller Institute 
for Medical Research, 66th St , and York Ave , 
New York City Associate Member (2, 1946, 5, 
1941) 

Woolsey, Clinton N , M D Johns Hopkins Uni- 
versity School of Medicine, Baltimore, Md 
Associate in Physiology (1, 1938) 

Wright, Angus, M D Umversity of Southern 
California Medical School, 657 S Westlake Ave , 
Los Angeles Pathologist, California Hospital 
(4, 1935) 

Wright, Arthur W , M D Albany Medical Col- 
lege, New Scotland Ave , Albany, N Y Pro- 
fessor of Pathology and Bacteriology (4, 1941) 
Wright, Charles Ingham, MS, Ph D National 
Institute of Health, Bethesda, Md Senior Phar- 
macologist, U S Public Health Service (1, 
1935,3, 1936) 

Wright, George G , Ph D Div of Infectious 
Diseases, National Inst of Health, Bethesda, Md 
National Research Fellow (6, 1943) 


Wright, Harold N , MS, PJi D Unncrsilj of 
Minnesota, Minneapolis Associotc Professor 
of Pharmacology (3, 1933) 

M right, lit miit I D , PIi D Mtdual Rt scan h Dni- 
sion, Sliiirp and Dolinie, Iiie , Glenholdfii, Pa 
Ri'carrh Biorhcmist (2, 1916,5, I9}6) 

Wright, Sjdncy L , M A ,PhD EndsmeetParm, 
Glcnsidc, Pa (2, 1933) 

W'uizcn, Rosalind, M S , Ph D Oregon Slate 
College, Corvallis Assistant Professor of Zool- 
ogy (1. 1916) 

B jekoff, Ralph W G , Ph D US Public Health 
Service, National Institute of Health, Bethesda, 
Md Senior Scientist (G, 1910) 

Wjman, Jeffries, Jr , Ph D Biolopcal Labora- 
tories, Harvard Universitj, Cambridge, Mass 
Associate Professor of Zoology (1, 1928) 
Wyman, Leland C, PhD Boston University 
School of Medicine, Boston, Mass Associotc 
Professor of Physiology (1, 1927) 

Wynne, Arthur M , M A , Ph D , F R S C De- 
partment of Biochemistry, University of To- 
ronto, Toronto, Canada Professor of Biochem- 
istry (2, 1940) 

Yerkes, Robert M , Ph D Yale Laboratones of 
Primate Biology , 333 Cedar St , Now Haven, 
Conn Professor of Psychobiology, Yale Uni- 
versity, Member of the National Academy of 
Sciences (1, 1904) 

Yonfcman, Frederick F , Ph D , M D Ciba Phar- 
maceutical Products, Inc , Summit, N J Chief 
Pharmacologist (3, 1931) 

Youmans, William Barton, M A , Ph D , M D 
Umversity of Oregon Medical School, Portland 
Professor of Physiology (I, 1939) 

Young, A G , Ph D , M D 520 Commonwealth 
Ave , Boston, Mass Assistant Professor of 
Therapeutics, Boston University School of 
Medicine, Medical Director, Corey Hill Hospital, 
Brookline (3, 1925) 

Young, E G,PhD,FRSC Dalhousie Um- 
versity, Halifax, N S , Canada Professor of 
Biochemistry (2, 1925) 

Youngburg, Guy E , M S , Ph D 66 Park Circle, 
Eggertsville, Buffalo, N Y Professor of Biologi- 
cal Chemistry, University of Buffalo (2, 1927) 
Yuile, Charles L , M D , CM University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd , Rochester, N Y Asso- 
ciate Professor of Pathology (4, 1941) 
Zechmeister, L California Institute of Tech- 
nology, Pasadena Professor of Organic Chem- 
istry (2, 1941) 

Zeckwer, Isolde T , M D School of Medicine, 
University of Pennsylvania, Philadelphia As- 
sistant Professor of Pathology (1. 1934 , 4, 1927) 

Zeldis, Louis Jenrette, M D Emory University 
School of Medicine, Atlanta, Ga Assistant 
Professor of Pathology (4, 1945) 



DECEASED MEMBERS 


537 


Zunmennan, Harn M, MD Montefiore Hos- 
pital, Gun Hill Ed . Ncm York G7, N Y (4, 
1933) 

Zittle, Charles A , Ph D Biochemical Research 
Foundation, Ncirark, Delaware (2, 194G) 
Zweifach, Benjamin W , Ph D Department of 
Biologj, New York University, Washington 


Square, New York 3, N Y Research Associate 
(1, 1945) 

Zwemer, Raymund L , Ph D 5003 Battery Lane', 
Bethesda 14, Md College of Physicians and Sur- 
geons, Columbia University, G30 W 168th St , 
New York City Assistant Professor of Anatomy 
On leave Dept of State, TFas/iinpton, D C (1, 
1930) 


Summary of Membership 


The American Phj siological Society 

The Amencan Societj of Biological Chemists 

The Amencan Societj' for Pharmacology and Expenmental Therapeutics 
The Amencan Society for E\penmental Pathologj' 

The Amencan Institute of Nutrition 
Amencan Association of Immunologists 
Total Members by Societies 


955 

714 

340 

304 

303 

282 

2898 


DECEASED MEMBERS 
Abel, John J (1. 2, 3) May 26, 1938 
Abbott, A C (1) September 11, 1936 
Abramson, H L (6) Apnl, 1934 
Adami, J George (2) August 29, 1926 
Adler, Herman M (2) December 6, 1935 
Adler, Isaac (3) February 2, 1912 
Alsberg, Carl L (1, 2) October 31, 1940 
Apfelbach, Carl Wesley (4) June 25, 1943 
Armsby, H P (1) October 19, 1921 
Atkinson, Harry V (3) May 7, 1939 
Atwater, W O (1) September 22, 1907 
Austin, Wilham C (2) November 20, 1935 
Bancroft, F W (1) August 23, 1924 
Banting, F G (3) February 21, 1941 
Banzhaf, Edwin J (2, 6) March 17, 1931 
Barbour, Henry Gray (1, 2, 3) September 23, 1943 
Barkan, Georg (3) March 7, 1945 
Benedict, Stanley R (1, 2) December 21, 1936 
Bergmann, Max (2) November 7, 1944 
Beyer, Henry G (1) December 9, 1918 
Black, Otis Fisher (2) October 14, 1933 
Blackfan, Kenneth D (6) November 5, 1941 
Bleile, Albert M (1) August 16, 1933 
Bodansky, Meyer (2) June 14, 1941 
Bowditch, Henry P (1) March 13, 1911 
Braman, Winfred W (5) March 24, 1937 
Brodie, Maurice (6) Maj 9, 1939 
Brodie, Thomas G (1, 2) August 20, 1916 
Brown, Aaron (6) January 24, 1945 
Brown, Wade H (3, 4) August 4, 1942 
Brubaker, Albert P (1) Apnl 29, 1943 
hall, Carroll G (6) May 30, 1931 
Bullowa, Jesse G M (3, 6) November 9, 1943 
Burget, G E (1) June 4, 1938 
Burnett, Theo C (1)1946 
Busch, Fred C (1) January 3, 1914 
Callison, William E (3) February 26, 1937 


Calverj, Herbert O (2, 3) September 23, 1945 
Cannon, W'aller B (1) October 1, 1945 
Carrel, Alexis (1, 4) November 5, 1944 
Cattell, J McKeen (1) January 20, 1944 
Chapman, Henry C (1) September 7, 1909 
Chillingworth, F P (1) June 30, 1938 
Chittenden, Russell H (I, 2, 5) December 6, 1943 
Clark, Admont Halsey (1) October 13, 1918 
Clark, Earl P (2) November 7, 1943 
Clark, G P (1) September 1, 1907 
Clarke, J Alexander (6) 1943 
Cleghorn, Allen M (1) hlarch 20, 1916 
Cohen, Seymour J (3) June 11, 1942 
Connor, Charles L (4) June 12, 1941 
Cook, Frank C (2) June 19, 1923 
Cooley, Thomas B (5) October 13, 1945 
Coombs, Helen C (1, 3) March 4, 1944 
Coulter, Calvin B (4) May 10, 1940 
Crawford, Albert C (3) March 14, 1921 
Cnle, George W (1, 3) January 7, 1943 
Cullen, Glenn E (2, 5) Apnl 11, 1940 
Curtis, John G (11 September 20, 1913 
Cushing, Harvey (1, 4) October 7, 1939 
Cushny, A R (1) Februaiy 25, 1926 
Dalton, J C (1) February 12, 1889 
Dastre, A (Ih) October 25, 1917 
D’Aunoy, Joseph Rigney (4) September 17, 1941. 
Davis, Alice Rohde (2) August 22, 1933 
Dawson, Martin H (4) April 27, 1945 
Dawson, Wilfred T (1, 3) September 19, 1939 
Denis, Willey (1, 3) January 9, 1929 
Donaldson, Henry H (1) January 24, 1938 
' Dooley, David H (1) Apnl 11, 1927 
Dreyer, George P (1) February 27, 1931 
Dunham, Edward K (2) Apnl 16, 1922 
Dusser de Barenne, J G (1, 3) June 9, 1940 
Eaton, Alonzo Guy (1) Ahvrch 9, 1946 



538 


FEDERATION PROCEEDINGS 


Edmunds, Charles W (1, 3) March 1, 1911 
Englemann, Th W (Ih) May 20, 1909 
Els, Harold N (I, 3) June 25, 1913 
Evans, William E , Jr (3) Mn} 0, 1910 
Ewing, Ephraim MacDonald (1) August 27, 1925 
Fine, Morns S (2, 5) August 15, 191G 
Fitch, Richard H (1, 3) January 7, 1939 
Fitz, George W (1) October 2S 1934 
Flexner, Simon (G) May 2, 1940 
Folin, Otto (1, 2, 3) October 2G, 1934 
Foster, Nellis Barnes (2) August 20, 1933 
Franz, Shepherd Ivory (1) October 14, 1933 
Gager, C Stuart (2) August 9, 1943 
Gardner, Leroy U (4) Novcmbci, 191G 
Gates, Frederick L (3, 4) June 17, 1933 
Gay, Fredenck P (4, 6) July 14, 1939 
Goodale, George L (1) April 12, 1923 
Gortner, Ross A (2) September 30, 1942 
Greeley, A W (1) May 15, 1904 
Gross, Louis (4) October 17, 1937 
Hall, G Stanley (1) April 24, 1924 
Halsted, William S (4) September 7, 1922 
Hammersten, O (Ih) September 21, 1932 
Harding, Victor John (2) July 10, 1934 
Hare, Hobart Amory (I) June 15, 1931 
Harrop, George A (2) August 4, 1945 
Haskins, Howard Davis (1, 2) November 19, 1933 
Hatcher, Robert A (1, 2, 3) April 1, 1944 
Hawkins, James A , (1, 2) July 26, 1937 
Henderson, Lawrence J (1, 2) February 10, 1942 
Henderson, Velyien E (1, 3) August G, 1945 
Henderson, Yandell (1, 2, 3) February 19, 1944 
Herter, C H (1) December 5, 1910 
Hess, Alfred Fabian (2, 5) December 5, 1933 
Hewlett, Albion Walter (1, 3, 4) November 10, 1925 
Hirschfelder, Arthur D (1, 2, 3) October 11, 1942 
Hiss, Philip H , Jr (2, 3) February 27, 1913 
oagland, Charles L (1, 5, 6) August 2, 1946 
ofmeister, F (Ih) July 26, 1922 
Hooker, Donald Russell (1, 3) August 1, 1946 
Hooper, Charles Warren (1) January 27, 1936 
Hough, Theodore (1) November 30, 1924 
Howell, William H (1, 2) February 6, 1945 
Howland, John (2) June 20, 1926 
Huber, G Carl (1) December 26, 1934 
Hyde, Roscoe R (6) September 15, 1943 
Inman, Ondess L (2) July 21, 1942 
Jackson, Holmes C (1, 2) October 25, 1927 
Jaffe, Hermann R (4, 6) December 17, 1937 
James, Wm (1) August 26, 1910 
Jenkins, Oliver P (I) January 9, 1935 
Jones, Frederic S (4) October 19, 1934 
Jones, Walter (1, 2) February 28, 1935 
Jordan, Edwin O (1) September 2, 1936 
Joseph, Don R (1, 3) July 9, 1928 
Julianelle, Louis A (6) August 12, 1944 
Eahn, Max (2) Apnl 8, 1926 
Karr, Walter G (2) September 16, 1946 
Kastle, Joseph H (1, 2) September 24, 1916 


King, niter E (G) Mnj 1, 1930 
Klotz, Oskar (4) November 3, 1930 
Koch, Wnldcmar (3) I ebrunry 2, 1912 
Koessler, Knrl K (2, 4, 6) Febrinr^ 13, 1928 
Kollcr, C (3h) March 21, 1911 
Krause, Allen K (4) May 12, 1911 
Kriss,Mn\ (5) November 13, 1911 
Krumuiede, Charles (C) December 29, 1930 
Landstcinor, Karl (4, C) Juno 26 1913 
Lnnglcj, J N (I) Novembers, 1925 
Languortlij, Charles F (2) March 3, 1932 
Lee, Frederic S (1) December 1 1, 1939 
Leech, Paul Nicholas (3) January 11, 1911 
Levene, Phoebus A (1, 2) September 6, 1940 
Levin, Isaac (1) Iiiiie 19, 1915 
Lewis, Dean (1) October 9, 1911 
Lewis, Paul A (3, 4, G) June 30, 1929 
Lingle, D J (I) November 27, 1930 
Loeb, Jacques (1, 2) February 11, 1924 
Loevenhart, A S (1, 2, 31 \pnl 20, 1929 
Ijombard, Warren P (1) July 13, 1939 
Long, John H (2) June 11, 191S 
Lolhrop, Alfred P (2) July 0, 1911 
Lusk, Graham (1, 2, 5) Julv IS, 1932 
Lyon, Elms P (1) Mav 4, 1937 
Macallum, Archibald Byron (1, 2) Vpril 5, 1934 
Macleod, John James Rickard (1) March 16, 1935 
MacNeal, Ward J (4) August 15, 1946 
McCordock, Howard A (4) November 13, 1938 
McDonald, Claude H (1) November IS, 1944 
McGIone, Bartgis (1) November 10, 1941 
McKinley, Earl B (4, G) July 28, 1938 
Maes, Julian P (1) August 7, 1946 
Magnus, Rudolf (3) July 25, 1927 
Mall, Franklin P (1) Nov ember 17, 1917 
Mallory, F B (4) September 28, 1941 
Mandel, John A (1, 2) May 5, 1929 
Mann, Gustav (1) July' IS, 1921 
Marriott, W McKim (2, 5) November 11, 1936 
Marshall, John (1, 2) January 5, 1925 
Martin, Ernest Gale (1) October 17, 1934 
Martin, H Newell (1) October 27, 1896 
Matson, Ray W (6) September, 1934 
Mathews, Samuel A (1, 3) February 19, 1928 
Maximow, Alexander A (4) December 4, 1928 
Maxwell, S S (1) January 28, 1939 
Meigs, Edward B (1, 2, 5) November 5, 1940 
Melius, E Linden (1) December 17, 1923 
Meltzer, S J (1, 2, 3, 4) November 7, 1920 
Mendel, Lafayette B (1, 2, 3, 5) December 9, 1935 
Meyer, Hans H (3h) October 6, 1939 
Miller, Elmer S (2) June 11, 1941 
Miller, Joseph L (1, 3) August 6, 1937 
Mills, Thomas W (1) February 13, 1915 
Minot, Charles S (1) November 19, 1914 
Mitchell, S Weir (1) January 4, 1914 
Moore, Lillian Mary (1) August 1, 1929 
Morns, J Lucien (2) March 19, 1926 
Moyer, Laurence S (2) June 8, 1942 


DECEASED MEMBERS 


53 & 


Myers, Harold B (3) March 16, 1937 

Neuhausen, Benj S (2) August 20, 1923 

Nelson, Louis (3) April 14, 1912 

Nichols, Henry J (4) September 2, 1927 

Noguchi, Hidcyo (4, 6) Maj 21, 1928 

Osborne, Thomas Burr (1, 2) January 29, 1929 

Osier, Sir "William (1) December 29, 1919 

Ott, Isaac (1, 3) January 1, 1916 

Palmer, Albert H (2) April 10, 1945 

Palmer, LeRoy S (2, 5) March S, 1944 

Park, M Ilham H (4, 6h) April 6, 1939 

Pavlov, Ivan P (Ih) February 27, 1936 

Pearce, Richard M , Jr (4) February 16, 1930 

Perla, David {4, 6) June 14, 1940 

Peters, H C (1) July 13, 1942 

Pettibone, C J V (2) March S, 1929 

Pfaff, Franz (1, 2) September 26, 1926 

Pfluger, E (Ih) March 17, 1910 

Pincussen, Ludwig (2) November 30, 1941 

Plant, Oscar H (1, 3) October 1, 1939 

Prince, Alexander L (1) May 25, 1938 

Raiziss, George W (2) July 17, 1945 

Ralls, James O (2) December 29, 1944 

Ranson, S W (1) August 30, 1942 

Ray, George B (1) July 6, 1945 

Rees, Maurice H (1) May 25, 1945 

Reichert, Edward T (1) December 25, 1931 

Richards, Herbert M (2) January 9, 1928 

Robertson, T Brailsford (2) January 27, 1930 

Robinson, George Henry (4) September 29, 1945 

Rockwood, Elbert "W (2) July 17, 1935 

Rosenbloom, Jacob (2) September 25, 1923 

Rose, Mary Schwartz (1, 2, 5) February 1, 1941 

Ross, Ellison, L (2, 3) December 21, 1938 

Roth, Paul (1, 5) November 6, 1946 

Roue, Allan "Winter (1, 2, 5) December 6, 1934 

Rntan, Robert F (2) February 19, 1930 

Salant, William (1, 2, 3) December 10, 1943 

Schafer, Sir Edward Sharpey (Ih) March 29, 1935 

Schiff, Fritz (6) 1940 

Schlntz, F W (2, 5) March 8, 1944 

Schmidt, Carl L A (2) February 23, 1946 

Schoenheimer, Rudolf (2) September 11, 1941 

Scott, J M Duncan (1) January 23, 1930 

Sedgwick, William T (1) January 26, 1921 

Sellards, Andrew Watson (4) December 1, 1942 

Sewall, Henry (1) July 8, 1936 

Shaw, Louis A (1) August 27, 1940 


Sheldon, Ralph E (1) July 9, 1918 
Shohl, Alfred T (2, 5) March 25, 1946 
Shorey, Edmund C (2) January 30, 1939 
Simon, Charles E (1, 2) November 8, 1927. 
Sinclair, A N (6) October 21, 1930 
Simpson, G E (2) December 23, 1927 
Simpson, Sutherland (1) March 2, 1926 
Smith, H E (1) October 9, 1933 
Smith, R Meade (1) 1919 
Smith, Theobald (4h, 6) December 10, 1934 
Spaeth, Reynold A (1) January 26, 1925 
Spencer, Henry James (5) 1944 
Sternberg, G M (1) November 3, 1915 
Stevens, Herman C (1) May 27, 1934 
Stewart, Colin C (1) January 22, 1944 
Stewart, G N (1, 3, 4) May 28, 1931 
Stiles, Percy G (1) July 5, 1936 
Storey, Thomas A (1) October 27, 1943 
Straub, Walther (3) October 22, 1944 
Straus, Henry W (6) 1937 
Tait, John (1) October 21, 1944 
Terry, Oliver P (1) December 6, 1933 
Thatcher, Roscoe Wilfred (2) December 6, 1933 
Thompson, Wm G (1) October 27, 1927 
Torrej, John C (G) October 7, 1946 
Trask, James D (6) May 24, 1942 
Underhill, Frank P (1, 2, 3) June 28, 1932 
"Van Slyke, Lucius L (2) September 30, 1931 
Vaughan, Victor C (1, 4) October 21, 1929 
Vincent, S (1) December 31, 1933 
Von Brucke Ernest T (1) June 12, 1941 
von Volt, C (Ih) January 31, 1908 
Waddell, J A (3) June 8, 1945 
Wallace, Edward W (3) July 11, 1943 
Walton, D C (3) March 6, 1942 
Warren, Joseph W (1) December 20, 1916 
Warthin, Aldred Scott (4) May 23, 1931 
Webster, Leslie T (4) July 12, 1943 
Webster, Ralph W (2) July 2, 1930 
Weil, Richard (3, 6) November 19, 1917 
Weiss, Soma (3) January 31, 1942 
Welch, William H (1, 4h) Apnl 30, 1934 
Wells, H Gideon (2, 4, 6) Apnl 26, 1943 
Westbrook, Frank F (1) October 21, 1918 
Wherry, William Buchanan (4) November 1, 1936 
Wiley, Harvey W (2) June 30, 1930 
Woelfel, A (1) January 31, 1920 
Wood, Horatio C (1) January 3, 1920 
Zinsser, Hans (4, 6) September 4, 1940 



REGULATIONS 

FOR THE 

PREPARATION OF ABSTRACTS 

to be publtsbed ju the Fcc/oattov Piocccdtugs 
pnoi to Aiiuual hXcetttigs 
Approved October 1, 1946 

1 Abstracts aie limited to 250 i\ords, cxclusne of title heading Tabular matter 
must be adapted for use in a single column and each tabular line must lie counted 
as eight text ords 

2 The title heading must be arranged 

Lane 1 Title, limited to fifteen (15) words 

Line 2 Author /s Names of non-member authors collaborating w itli member 
authois aie to be followed by the parenthesis (lij' iimtation) Names of 
non-member authoi-s who are introduced, i e , are not collaborating with 
membei authors, aic to be followed bj"^ the parenthesis (introduced bj 
(name of member)) 

Line 3 Laboratoiy of ongin 

Line 4 If apphcable to the title, one of the following should bo used 

(a) Read by title, (b) Demonstration, or (c) Motion picture demonstration 

Thus, for example, a title heading w'ould read 

Line 1 The Renal Hormones 

Line 2 Robert Doe and J D Browm (by in\atation) 

Line 3 Augusta Medical College 
Line 4 Read by Title/Demonstration 

3 The body of the abstract, typed double space, wall follow the title headings If 
more than one 11 x 7^ inch sheet is used, the sheets are to be stapled together 

4 Abstracts must be supphed in dupheate The Society Secietaries will announce in 
their notices of the Annual Meeting the common deadhne for receipt of all abstracts 

5 Abstracts must be letter-perfect since theie wall be no opportumty for proof reading 
by authors However — 

Provision will be made for the correction of printer’s errors in the next following 
issue of the Federation Proceedings if reported to the Federation Secretary (Dr 
Wilham H Chambers, Cornell Umversity Medical College, 1300 York Avenue, 
New York City 21) within three weeks after the Annual Meeting Author’s errors 
may be similarly corrected but only at their expense Substantial changes from the 
original copy wall not be permitted 

The foregoing corrections will be made in any reprints which may be ordered 

6 The reprint order blank below must be used by those desmng reprints In case a 
member submits more than one abstract or introduces a non-member he must 
provide a typed copy of the blank for each 

The reprint order blank must be stapled at the back of the prime copy of each 
abstract submitted 


REPRINT ORDER 

for 

ABSTRACT 


Title of Abstract ■ — 

Author /s — • — 

Society of Ongm- — 

Number of Repnnts Ordered 

At $2 00 per hundred without covers 

At $3 95 per hundred with covers 

Address to which Eepnnts 

are to be sent 

I have attached hereto my personal check or an order/reqmsition from the institu- 
tion at which the work was done 

Signatu; 

Address 

Date 

Unless this form is stapled to the prime copy of the abstract with check or institu- 
tion order, it will be assumed that no repnnts are desired 



LATER ORDERS CANNOT BE FILLED' 



INDEX 


^BSTKACTS, Bioclicmibtn , llS 

, Corrections, 205 

, Immunology, 211 

, Nutrition, 228, 201 

, Pstliologj , 217 

Pliarmncologj , ICl, 201 

, Ph 3 siology, 1, 203 

, Subject index, 257 

, Regulations for the preparation of, 510 

Ac on in relation to man, cfTccls of, 327 

j F Survej’’ of Plijsiologj , 10S,‘132 
meeting, Chicago, 1947, 13S 
tic City Meeting, notes, 200 

ALDES, E J Sec Wood, LAxtni nr, Baddj s 
AND Code, 327 

Ball, E G Chemical and nutritional observa- 
tions on malarial parasites gron n in vitro, 397 
Babd, P Survey of Ph 3 'siology, introduction, 
407 

Bazett, H C , Chairman S 3 'mposium Physi- 
ological contributions to war pioblenis, 318 
Boudreau, F G and R M Wilder Food and 
Nutrition Board, National Research Council, 
Review , 267 

Bovaenick, M R See Helleraian, Bovarnick 
AND Porter, 400 

Boyd, T E Survey of Ph 3 ’'siology, 422 
Burton, A C Clothing and heat exchanges, 344 


\ 'ilnrap'utu a{iplu a(ion‘?| 
(luinirnl warfnn lua nfq, 2x5 

f »it| M RSI X , M f Short, f)h\ loloj k al ronl 
billion I tr> the jirobh ni of 351 

t 

J-J VR'l f,r\ I , If Iv \ 1 uial {)Ii\ qiolog^ dunr 
tlie war, iirobleiiis of, 151 

High alliludt iiroblcnii in a\ uition, .310 

IIllIIRMW, L, M R riolAI’XKf AM> C C 
I’oHTi R Melnbolisin of the inninnal jiara 
site, too 

llooKi It, Don \i i> Ut sm i,r , 313, I !9 

IIouiiii\n,M 15 ‘'cc Mitc Iff 1 1 and Hoi milv'* 
370 

JN&ECTICIDIaS and rodontii nhs, 292 

Inlcnin report, Vmencm Ph 3 siologioal 
SociDt3 ,311 

, American Socict 3 Biological Chem- 
ists, 315 

American Socicf 3 for Experimental 

Patholog 3 , 315 

, The American Institute of Nutrition, 

31C 

, American Socict 3 for PJi irniacology 

and Experimental Therapeutics, Inc , 137 

International food-evaluation actiritics and 
problems, 270 

IvT, I C High altitude problems in aviation, 
319 


(CHEMOTHERAPY, bacterial, 304 

Chemotherapy of Malaria, 1941-45, 298 
Clark,W M , Chairman, Symposium Biochemis- 
try of malarial parasites, 390 ^ 

Clothing and heat exchanges, 344 
Code, C F See Wood, Lambert, Baldes and 
Code, 327 

CoMROE, J H , Jr Survey of Physiology, 428 
Cushing, J E See Emerson and Cushing, 379 

JC^ETARY allowances, human, 277 
Dow , P Survey of Physiology, 417 

JgLVEHJEM, C A Significance and limita- 
tions of food composition tables, 280 
Emerson, S and J E Cushing Sulfonamide 
antagomsm of Neurospora, 379 
Evans, E A , Jr Enzyme systems operating 
wnthin the malarial parasite, 390 

"pOOD composition tables, significance and 
limitations of, 280 

Food and Nutrition Board, National Research 
Council, Review, 267 


JEANS, P C Human dietar 3 allowances, 277 

j^RAUSS, W E Nutritional aspects of the 
milk supply, 273 

J^AMBERT, E H See Wood, Laaibert, 
Baldes and Code, 327 

jyjALARIAL Parasites, biochemistry of, 3D0 

, enzyme systems, 390 

, grown in -vitro, 397 

, metabolism of, 400 

, naphthaquinone in metabolism, 406 

Marshall, E K , Jr Chemotherapy of malaria, 
1941-45, 298 

Maynard, L A International food-evaluation 
activities and problems, 270 
McElrot, W D and H K Mitchell Neuro- 
spora, enzyme studies on a temperature 
sensitive mutant of, 376 
Members, 463 

, deceased, 537 

, honorary, 463 

542 



INDEX 


543 


Mitchell, H K , Chairman, Sjmposium Neuro- 
f spora biochemistrj , 361 

, AND hi B Houlihan Neurospora crassa, 

ademnc requiring mutants of, 370 
— jf- See McElrot and Mitchell, 376 
Molitor, H Bacterial chemotherapy, 304 

'NIEUBOSPOBA, bioassaj , 366 

*■ , biochemical tool, 362 

, biochemistry, recent trends, 361 

, enzyme studies, 376 

, sulfonamide antagomsm, 379 

crassa, adenine-requinng mutants of, 370 

Nutritional aspects of the milk supply, 273 

PHILIPS, F S Insecticides aqd rodenticides, 
292 

Physiological contributions to war problems, 318 
Physiologj in North Amenca, survey, introduc- 
tion, 407 

, careers and incentives of physiologists, 428 

, economics, 422 

, future physiology, 432 

, identification and analysis of the North 

Amencan population of Physiologists, 417 

■ , purposes and methods of study, 408 

Porter, C C See Hellerman, Bovarnick and 
Porter, 400 


J^ICHAIkDS, A N , Chairman, Symposium 
Advances in pharmacology resulting from war 
research, 285 

Rose, IV C , Chairman, Symposium Newer 
knowledge of nutntion, 267 

Rtan, F J Application of Neurospora to bio- 
assay, 366 

gHOCK, physiological contributions to the 
problem of, 354 

Sulfonamide antagomsm of neurospora, 379 

^ATUM, E L Neurospora as a biochemical 
tool, 362 

Therapeutic applications of chemical warfare 
agents, 285 

"^ISUAL physiology dunng the war, problems 
of, 351 

"'^^ENDEL, W B Influence of Naphthaqm- 
nones upon the respiratory and carbohjdrate 
metabolism of malarial parasites, 406 

Wilder, R M See Boudreau and Wilder, 267 

Wood, E H , E H Lambert, E J Baldes and 
C F Code Acceleration in relation to 
aviation, 327 



